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lEi^uuug roit^ reaction. 

[17| and [I8| read [21] on<l \1i\. 

'read (jVflJ„(j;,).mOjvm|j'0,), . 24^,0. 
Qilrobenioel read nilroiwnzolo. 
C,fl,0, ■' C,I1,0. 

Oxzchloride " Oxy chloride, 
furme " form. 

Eextivaicnt " sexivalent. 
ntrivalciit " Crivalent. 
biliasic " diliaBic. 

61 " 8S. 

bibaaic " dibasic- 
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PREFACE. 



The olyect of the author in this book is to preaent the phi- 
! losopby of chemistry in such a form that it can be made with 
ipnifit the subject of college recitations, and furnish the teacher 
'with the means of testing the Eludeot's faithfuloeas and ability, 
yVitb this view the subject has been developed in a logical 
', and the principles of the science are taught indepen- 
Iflutl; of the experimental evidence on which they rest. It 
I assumed that the student has already been made familiar 
vith this evidence, and with the more elementary fact:) which 
le philosophy of the science attempts to interpret. At most 
f our American colleges this instruction is given in a course 
f experimental lectures ; but for Itss mature students a course 
F manipulation in the laboratory will be found a far more elB- 
•nt mode of teaching, and some preliminary training of tfaia 
^nd ought to be made one of the requisites for admission to 

r higher institutions of learning.' 
^ This book is intended to supplement such n course of prao- 
al instruction. It deals solely with the theories of the 
ience, and with those principles which can only be acquired 
T study and application. Thi 

■e that a recitation on 
pparatus and experimenls, is i 
idergraduates all but worthies! 



author has found by long 
ere facts, or descriptions of 
the great mass of college 
while the study of the phi- 



ophy of chemistry may be made highly profitable both for 
itrutilion and discipline. Moreover, our college studenU 

H Fwiuehnconrsoofpracttcal study the student eso donirBnobottergoidB 
I tin Mcetlcnt work of Proressora Eliot and SUirer, recently pat>liatM(l, 
l^ninil nf Inorgsnio ClieniiFtrv. rnnm^d to fnoiHtate tlie Eiperimental 
iMHtntion oT tbo Fnats slid Prlnoiples of the Scieaoe." B; C. W. Eliot 
t. H. Slorer. New York, ISea. 
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begin the study of physical science with a degree of matiiritj, 
and a kind of mental culture, which enables them to acquire thai 
limited knowledge and general view of the subject, for which 
alone they have time and occasion, most rapidly when it is 
presented in a condensed and deductive form. The author has 
had especially in view this class of students, and has endeav- 
ored to meet their wants. 

However important a training in the methods and the in- 
ductive logic of science may be in itself considered, it would 
be vain and unprofitable to attempt to change the habits of 
thought of those whose education has been almost wholly 
classical, and who are preparing themselves for a professional 
or literary career, where they will have occasion to use the 
results more than the methods of science. On the other hand, 
we find at our colleges a not inconsiderable portion of the stu- 
dents, whose tastes and abilities find their best exercise in the 
study of natural science, and who ai'e preparing for the medi- 
cal profession or other spheres of practical life, for which a 
training of the powers of observation and of inductive reason- 
ing is an indispensable requisite. For such students the col- 
lege should furnish the culture they require in a course of 
elective study ; but beginning the study of chemistry as they 
do in the present organization of our colleges, at an advanced 
stage of their education, they will gain time if their practical 
work is preceded or at least accompanied by the study of 
what may be figuratively called the grammar of the science. 
Lastly, to that ever increasing class of students who seek their 
mental culture solely in " scientific studies," the philosophy of 
science i.s especially important ; for in an exclusive devotion to 
facts and methods, they are not likely to gain that breadth of 
view and enlargement of mind which the study of theory is 
calculated to give. In all experimental science, theory is un- 
doubtedly subordinate to practice, but it gives form and dignity 
to our knowledge, and the two should never be divorced in our 
systems of education. 

The value of problems as means of culture and tests of at- 
tainment can hardly be overestimated, and they have therefore 
been made a chief feature in this book. Since those which 
are here given are chiefly intended as guides to the student, 
the answers have always been added ; and where the method 



B not obTioij)>, the chief steps in the elation have been given 
rell. Every teacher will be able to miiliiply problems after 
~ ~ t to suit his owD requirements. 
I The questions, which accompany the problems, form another 
ifiential feature in the plan of instruction here presented. 
Jbej are iniendecl not only to direct the student's attention lo 
>st important points, but also to stimulate thought by sug- 
I inferenoea to which the principles stated legititnately 

I The^e questions, moreover, mill indicate to the teacher the 
a which it is intended tliatthe book should be studied. 
ire should be taken not lo overstrain the memory, but lo dis- 
■'tribute the necessary burthen through many lessons, 'i'lius, for 
tlie liist seven chapters, the student should not be expected to 
reproduce the symbols and reactions, nor even to call the namea 
of the substances represented, except those of the more famil- 
iar elements and simplest compounds. It will be suthcienl for 
the lime if he understands the principles which the symbols 
illustrate, and the relations of the parts of the reactions, al- 
though as yet these conventioaol signs miiy have for him no 
more definite meaning than the paradigms of a grammaj'. As 
he advances tbrough chapters VIII. and IX., he should be 
expected to familiarize himself with the names of the com- 
pounds, and should begin to reproduce the symbols. When 
redting on chapter X. he should be called upon lo give not 
only the names of all the symbols, hnt also the symbnls corre- 
.«ponding lo all the namea, and so on for the rest of tlie book. 
Ifl reviewing the book a full knowledge of the names and sjm- 
»ill be of course espeeled from the first. The questions 
IS appended to each chapter will give the student 
r idea of what in any case will be required. Tiie author 
a the habit of writing out, for his own class, similar 
toMema on separate cards, together with the names, symbols, 
i or other data, which may in any case be given, 
a cards are distributed at the beginning of each recitation, 
tudent is not called upon to recite until he has placed 
A work upon the blackboard. This plan obviates many prac- 
l difficulties, and has been found to work with great success. 
I philosophy of chemistry has been developed in this 
: according to tlie "modern theories"; and the author 
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would acknowledge his obligations to the recent works of 
Miller Frankland, Naquet, Roscoe, Williamson, and Wurtz, 
all of which he has freely consulted. Careful attention has 
been given to the chemical notation ; and a method has been 
devised of writing rational symbols, which, while it fully ex- 
hibits the relations of the parts of the molecule, condenses the 
formulae, and saves space and labor in printing. From a 
desire to secure uniformity, the nomenclature of the London 
Chemical Society has been adopted ; but, in the chapter on this 
subject, the old names are given with the new. Lastly, the 
' metric system of weights and measures, and the centigrade 
scale of the thermometer, are used throughout the book. 

Cambridge, December 1, 1868. 
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FIRST PRINCIPLES 



ICHEMICAL PHILOSOPHY. 



CHAPTER I. 

INTRODUCTION. 



. Definitions. — The volume of a body ia the space it Gils, 

t>TeBsed in terms of an assumed unit of volume. The weight 

( body, as the word is used in cliemistry and generally in 

L lil'e, ia tbe amount of material wbich the body con- 

bs compared with that in some other body assumed as the 

of weight. The speri^c gravity of a body is the ratio of 

leight to that of an equal volume of some subslance which 

4 been selected as tbe standard. Solids and liquids are al- 

fetiyB compared with water at its greatest density, which is at 

f centigrade, and hence llie numbers which stand for their 

s gravities express how many times heavier they are 

1 an equal volume of water at this temperature. Gases, 

re most conveniently compared with the lightest of 

H known forma of matter, namely, hydrogen, and in this book 

e number which indicates the specific gravity of a gas ex- 

*es bow many times heavier it is than an equal volume of 

jfdrogen, compared under the same cotxlltions of temperature 

^d pressure. 

Volume and Weight. — All experimental science rests 
I accorate measurements of these fundamental elements, 
led it is therefore very important that there sliould be a gen- 
ii a^i^ement among scientific men in regard to them. This 
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has been secured by the nlmoBt universal adoption of th^ 
French i^ystem of measures aud weights in all scientific ii 
tigatiooa. Tbe detnils of this system are given in Table 
and they require no fmiher explanation. Its great advi 
tage over our ordinary English system is not only in its de 
mal Bobdivisiou, but also in tbe simple relation which 
between tbe units of measure and of weight Since the 
of weight ia the weight of the unit volume of water, aud since 
tbe specific gravity of solids and liquids id always referred 
water, as tbe standard, it is always true in this system that 



r^vxi 



. Gr. 



[1] 



If tbe volume is given in cubic centimetres, the weight obj 
taioed ia in grammes; but if tbe volume is given' in cubic d 
metres or litres, the weight is found in kilogrammes. In thu 
formula, Sp. Gr. stands for the specific gravity referred t 
water. If tbe specific gravity ia referred to hydrogen, as i 
the case of gases, tbe value must be reduced to the watet 
standard before using it in the formula. Tbe reduction | 
easily made, by multiplying by 0,0000896, a fraction i 
is simply tbe specific gravity of hydrogen itself referred f 
water. Using Sp. Gr, to represent the specific gravity of i 
gas referred to hydrogen, the formula becomes 

r= r X Sp. Gr. X 0.0000896, [23 

and may then be used in all calculations connected with thflt 
weight and volume of aeriform bodies. In such calculations, i 
order to avoid the long decimal fractions which the use of thft 
gramme enlai|j> Hofmann has proposed to introduce inWi 
chemistry a new unit of weight which he calls the crifh. Thi( 
unit ia tbe weight of oue cubic decimetre or litre of hydroged 
gas at the standard temperature and pressure, and is equal td. 
0.0896 grammes. If now we estimate tbe weight of all gaaetf 
in crii/is, and let W represent this weight, while IP represents' 
the weight in grammes, and V the volume in litres, we shall 
also have 



W = V X Sp. Gr. and i 



and all problems of this kind will then be reduced 
simplest terms. 



W X 0,0896, [3] 

their 



■ raraODUCTIOK. 8 

L The epecific gravity of gases is also frequently referred to 
I jry air, whicb for many reasons is a convenient standard. 
I The weight of one litre of air under standard conditiona is 
I 1.293187 grammea. Hence, representing specific gravity re- 
V ferred to air by Sp. ®r. we have 

I Sp. Gr. : Sp. Or. = 1.2932 : 0.089G, 

t or 

I Sp. Gr. = Sp.ffir. X H.42, 

[ and 

ep. ®t. = Sp. Gr. X 0.06929. 

I 3. Chemistry and Physics. — Among material phenomena 
I we may distinguish two classes. First, those which are mani- 
I fested witliout a loss of identity in the Bubstances involved. 
I Secondly, those which are attended by a change of one »or 
I jnore of the materials employed into new substances. The 
^science of chemistry deals with the last class of phenomena, 
Itiiat of pby.'iics with the first, and hence the terms chemical 
Liuid physical phenomena. An illustration wilt make this dig- 
KUiGlian plain. When a bar of iron is drawn out into wire, is 
Erolled out into thin leaves, is reduced by mechanical means to 
Ijpowder, is forged into varioas shapes, is melted and cast into 
fcooalds, is magnetized, or is made the medium of an electric 
■cmrent, since the metal does not in any case lose its identity, 
■the phenomena are all physical. When, on the other hand, 
Bthe iron bar rusts in the air, is Isurnt at the blacksmith's forge, 
For is dissolved in dilute sulphuric acid, the iron is converted 
^noto a new sub^tauce, iron rust, Iron cinders, or green vitriol. 
Bud the phenomena are chemical. The distinction between 
nbese two departments of human knowledge is not, however, 
no Btrougly marked aa the definition would seem to imply. 
Wia fact they coalesce at many points, and a knowledge of the 
^^tements of physics is an essential preliminary to the successful 
BAody of chemistry. In the following pages it will be assumed 
Hbat the student is acquainted with the most elementary princi- 
^mee of this science, and references will be made lo the sections 
Kf the author's work on Chemical Fhysics. The some rela- 
Bion which physics bears to chemistry on the one side, chemia- 
Ktry bears lo physiology and the natural-history sciences on the 
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Queeliom and Problems. 

1. Beduce bj Table I. at the end of the book, 
30 loi^hes to &actioDs of a metre. Ans. 0.7619 
76 Centimetres to inches. Ana, 29.92 incbcK' 
86 Kilometrea to miles. Ans. 22. 
10 Metres to feet and inchea. Ana. 32 ft. 9.7 inches,. 

1 Cubic metro t« quarts. 

1 Cubic foot to litrea. Ans. 29.31 litres. 

1 Pint to cubic centimetres. Ans. 567.8 

1 T.ttre to cubic inches. Ana. 61.027 cubic inches/ 

1 Pound Avoirdupois to grammes. Ads. 453.6 grammea. 

1 Kilogramme to ounces avoirdupois. Ans. 35.27 o 

1 Ounce to grammes. Ans. 28.35 gra 

2. If the globe were a perfect sphere wbat would be the ci 
ference and what the diameter in kilometres ? 

Ana. Circumference 40,000 kilon 
Diameter 12,733.4 ' 



3. The length of the metre was determined by measuring the di 
tance between Dunkirk (in France), Latitude 51° 2' 9" and F<«S] 
mentera (one of the Bnlearic Islands), Latitude 38° 39' 56", 1 
on the same meridian. This distance was found bj* triangulatioi 
Ik equal to 730,430 toises. What is the length of a metre in tei 
of this old French unit of measure ? What, also, 'vras the lengtli 
measured in English milea ? "So account is to be taken of the ellip-. 
tiuity of the earth. Ana. The metre, 0.5314 toiae. 

The length was 854 miles. 

4. The Sp. Or. of iron is 7.84. 'What Is the weight of 10 c.-ni.' 
of the metal in grammes? Wliat is also the weight in kilogrammei 
of a sphere of iron whose diameter equals one decimetre ? 

Ana. 78.4 grammes and 4.105 fcilogrammea. 

5. What is the weight in grammea of 60 iiriu.' of oil of vitrit^ 
when the Sp. Gr. of the linuid is 1.8? Ans. 90 grammes. 

8. The Sp. Gr. of slcobol being 0.8, what rolume in litre.i would 
weigh 7.2 kilogrammes? Ana. 9 litres. 

7. Assuming that the earth ia spherical, and ita mean Sp. Gr, 5.67, 
what would be its weight, uaing as the anit of weight a kilometre 
cube of water at its greatest density V Ans. 6,1 30,000,00 0,0i 

8. Determine the Sp. Gr. of absolute alcohol fi*om the following 
data : — weight of empty bottle 4.326 ; weight of same filled witT 
water 19.664 ; weight of uune filled with alut^ol 16.741. 

Ana. 0.80n5. 



I 

I 



9. Determine tlie Sp. Gr. of lead from: — weight of empty bottle 
4.32G ; weight of »ame fillKii with watur 19.fi34 ; weight of lead shot 
15.456; weight of bottle filled in part with the shot and the rest 
with water aa.JSG. Acs. 11.5. 

10. Determine the Sp. Gr. of iron from: — weight of iron id air 
8.92 ; weight under water 3.42. Aiis. 7,84. 

11. Determine Sp. Gr. of wood from: — weight of wood in air 
25.35; weight of eopper sinker in air 11 ; weight of same ander 
vater 9. 77 ; weight of wood with sinker under water 5.10 grammes. 

Ans. U.S445. 

12. How mnch Tolume must a hollow sphere of copper have, 
wrighing one kilogramme, wliieh will juat tloat in water? What 

muBt be the volume of the copper? 

Ana. One cubic decimetre and 111.8 l-. m.* 

13. How much volume must a hollow cylinder of iron have, which 
weighs 10 kilograiumes and sinka one half in water, and what must 
be the volume of the metal ? Am. 20 and 1.2TIJ cubic decimetres. 

14. What is the weight in grammes (under standard conditions) 
of 128 crm.' of oiygen gas (Sp, Gr. = 16)? 

Ads. 0.1834 grammes. 

15. How many litres of carbonic anhydride gas (8p. Gr. = 22) 
irould weigh (nnder normal conditions) 4.480 kilogrammes? 

Alb. 2274 litres. 

16. Solve the last two problems by [3], and show in what respect 
the method differs from that indicated by [2]. 

17. What is the weight in criths (under standard conditions) of 
e Ktre of nitrogen gas (Sp. Gr. ^ 14), of one litre of chlorine gas 
p. Gr. = 35.6), of one litre of marsh gas (Sp. Gr. ^ 8), and of 
e litre of ammonia gas (Sp. Gr. = 8.5) ? 

Alls, 14, 35.5, 8, and 8.5 criths respectively. 
i. What is the weight la grammes of one litre of each of ^e 
ss under the same conditions? 

Ans. 1.264, 3.180, 0.7165, and 0.7617 respectively. 
I. The weight of one litre of hydrochloric acid gas is 1.636 
Hies; of carbonic oxide gas 0.9703 grammes; of cyanogen gas 
IS grammes, and of hydrogen gas 0.0896 granmies. What is the 
acific gravity of each of these gases referred to air ? 

Ans. 1.265, 0.9703, O.fl007, and 0.069S respectively. 
>, What is the volume (under standanl conditions) of 12,54 
F nitrogen gas, when specific gravity referred to air Is 
Atis. 10 litres. 
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CHAPTER II. 



^DAMENTAL CHEMICAL UKLATIOSri. 



tls and Mements* — With Ax* v-tf i r'-.*-. '-. i ^pr* >r.». 
bstances, by various r:h«;r/ii':al ;,r'y;-.-^#r Vi*/ 
d, and hence are cjuW-A ^.hAftK^ml ^/^-^c^r^tv.^u 
vty-three substance? wKi':;* :,>. *. *-«;■' • -^ 
1 into simpler part^ ar^; «'5:..a:.-: </.-^/?i', /•>-«/ •.>-,»-.iK.>.'^ 
me reason for f^r!:*:-..':.:? v.j«: v.:*.- ■ :' ^^ « / 
ntary substance* ir^v ;.-:.• W^^r* j-. 'f.-.-ri ,/y^/' -j .-• 
can onlv be cor.ri:-=:r^: .-.-:-.■. ;«. •.-./- ,- 
ut, however tL: - rrji v '.•=:. < / ■ -k- ■ v >^^ ^- ■ >,- >^ 
v.*d as form'-i ?.v :-.^ .- .■ -y .- .>..- ... * - 
ihese 5ii:v-::..'rrr -,".•-<-.-,'-. -r, - ■• ^ j- .^ 
is giver: ::i Ta-', r: JT. V w- 'irv.,.. / •, • •■■•^^ 

:er5. Tlr: '.■'..rj': ••• i."- ' -*• ■-.. - ■ .•,-.- ■^- < • 

' i. -»--■ "vi-" t '■■'■> 
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W FUNDAMENTAL CHEMICAL RELATIONS. 

7. Mixture and Chemical Cbmpound. — The law of definite' 

proporlionB gives r simple criterion for diatinguisbing between' 
a misture and a true clkemical compound. In ihe first the ele- 
ments may be mixed in any proportion, but in the true codh 
pound they are always combined in definite proporlions. Thii» 
we may mix together copper-filings and sulphur in any propor- 
tion, but as soon as we apply heat, and cause the elements to 
combine, then the copper combines with one lialf of its c 
weight of sulphur, and the exceiis of either element above 
these proportions is discarded. Again, in a mixture however 
homogeneous, we can generally, by mechanical means alotH,^ 
distinguisii the ingredients. Thu!*, in the mixture juat refarredi 
to, a microscope would show the grains of sulphur and metsl£e| 
copper, with all their characteristic appearances ; and by n: 
of carbonic sulphide we can easily dissolve out all the Bulphot 
from the mixture; but nfler the chemical union Las lakeq 
place, the characterbtic properties of the elements are t 
in those of the compound, and no such simple mechanical sep- 
aration is possible. But although these distinctions are gene 
ally sufficient, nevertheless we find in some alloys, in aolutioa 
and in a few other classes of compounds, less intimate ramdif 
tions of ohemicfl! union where these crileriona fail. 

8. Xaw of MuUiph Propartione. — It is generally the oi 
that the same elements unite in more than one pi-oportion, f 
ing two or more different compounds. Now we always fl 
that the proportions of the elements in such compouoda f 
simple multiples of each other. This law is beat illustn 
by the compounds of nitrogen and oxygen, which are five i 
number, and have the names indicated in the table below. I 
order to make evident the law, we give, not the j 
composition as above, but the amount of oxygen, which i 
each case combined with one and three fourths parte of mtr<k 
gen. 

COMPOUNDS OF NITROGEN WITH OXYGEN. 

Nlin>(!tn. Oiyirea. Nitrotren- 0» 

By wuigllt. By -night. By TOlunio Bj » 

Nitrous Oxide, ' 1.75 i 2 

Nitric Oxide, 1.75 2 a 

Nitrous Anhydride, 1.75 3 2 

Nitric Peroxide, 1.75 4 3 

Kitric Anliydriile, 1.75 5 2 
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Bponnd may be made evident in two ways. First, by break- 
} the compound into its coDstitueDt parts ; secondly, by 
liting these parts and reproducing the original substance. 
s first of tliese methods of proof is called atialffsts, ibe sec- 
1, mfatkesii. The study of the processes by which the com- 
ptHitioQ of a body may be discovered, and the relative amounts 
of ite various conetitueDts determined, forms an important 
branch of practical chemistry, which is known as Ohemieal 
'dfalgiit, and this is subdivided into Qualitative and Quantita- 
e Analyeis, according to the object we have in view. Syn- 

18 is chiefly used to prove the results of analysis. 
G. Xow of Definite Proportions. — Numberless analyses 
e proved that any given chemical compound alwayi containi 
» tame elements combined in the same proportions. Thus, 
irhen we analyze water, angar, and salt, we always obtain the 
lit given below ; and this result is invariable, saving small 
irs of observation, from whatever soarce these maieriala 
../be drawn. The composition is given in per cents, as ia 
nual in Bach cases. 

Wlte (lJiim«l. 



Salt. 


SnguiWUgot). 


Sodium, 3D..12 


Carbon, 42.06 


Chlorine, G0.6S 


Ilj-drt^en, 6.50 




Oij'gen, .51.44 



■Chemists have not yet succeeded in making au^r by eom- 
' ^ its elements, but the synthesis both of water and salt ia 
ly effected, and illustrates still more forcibly the same law. 
Bwe may mix together hydrogen and oxygen gas in any 
^portion, but when, by passing an electric spark through tlie 
i cause the eleraenta to combine, then the gases 
D tfie exact proportion indicated above, and any excess 
i%9 or the other which may be present is left over. The 
frf definite proportions gives to chemistiy a mathematical 
^^^i for, since the analyses of all compounds have been made 
|. tabulated in a way that will be soon ex4)lamed, it is always 
^Is, when the weight of a compound is given, lo calculate 
i weights of its constituents, and, when the weight of one of 
"a known, to calculate the weights of all the other 
fi present. 



Boreorer, since tbe spei^ifie gravity of a given matt of gas 
)t be ihe greai«r tbe less its volame, it is aiao trae that 

Sp. Gr. ! Sp. Or-. = If: H', [5] 

lastly, Bince tlie weight of a given volume of gaa is obvi- 
ij proportional to its specific gravity, we qlso Lave 

11,1/; [6] 

tilth W and W' represent the weight of an equal volume 
tbe game gas under the two pressures ^and If'. 
\i. Beat a Manifestation of Molecular Motion. — The 
•■U of what we call heat are supposed to be merely mani- 
ions of the motion of the molecules of bodies. The 
er the moving power of the molecule, tbe more forcibly it 
IS against our cerres of feeling, and hence the more in- 
e is the sensation of heat produced ; and to the condition 
Wtter which produces this sensation we give the name of 
mature. The greater tbe moving power of the molecules, 
iigher the temperature ; the less the moving power, tbe 
IT the temperature. Moreover, since by the very defini- 
rU molecules at the same temperature are in the condition 
Bduce the same sensation of heat, we must assume further, 
Thatever their size or weight, they must all have, at the 
I temperature, the same moving power. The light mole- 
of hydrogen must move much faster than the heavy mole- 
«f carbonic anhydride in order to produce tbe same effect 
e represent the mass of any molecule by m, and by V 
docily at any given temperature, then tbe moving power 
le represented by ^t» V% Chcm. Phys. (42), and this will 
the same value for every molecule at the saine tempera- 
With a few exceptions, all bodies expand with an in- 
fog temperature, and in the ease of mercury the cliange 
dliiae is so nearly proportional to the change of tempera- 
IbaL we may use the vaiying volume of a confined mass 
b liquid as a measure of temperature. This is the sim- 
||^%eory of the common mercurial thennometer, and in this 
book we shall refer all temperatures to the degrees of the cen- 
tigrade scale. Tliese degrees are purely arbitrary j but to 
3 corresponfls a definite value of ^m V\ although we 
tonotn yet been able lo connect our arbitrary with our 



When we increaee the temperature of a body, i 
course increase the moving power of all the molecules, i 
the same amount, and the eum of the moving powers r 
they thus acquire is the legitimate measure of the amount 1 
heat which the body receives, Henee, while J-m V^ represef 
ihe temperature ot' a body, S ^m V^ represents the ' 
amount of heat which it contains. Practically, howeve 
measure quantity of heal by an arbitrary standard, an 
shall use in this book aa our unit Che amount of beat req 
to raise the temperature of a kilogramme of pure water f 
0° to 1° centigmde. This we call the Uaii of Heat, a 
has been found, by careful experiments, that tlus unit of h 
represents an amount of moving power which ia adequat 
raise a weight of 423 kilogrammes one metre, or to do ^ 
other equivalent amount of work. 

13. Sponsion by Heal. — The amount of espansion which I 
bodies undergo when heated has been carefully measured for 
many different substances, and the results are tabulated in sQ ' 
works on physics. Chem. Phjs. Table XV. In each caa» 
given the coefficient of espansion, which is the small fraotil 
of its volume which a body increases when heated one ceii 
grade degree. If, now, £" represents this fraction, Fthe ii 
volume, I''' llie new volume, I the initial temperature, and 
the new temperature, then, if we assume that the expansion 
proportional to the temperature, we easily deduce the formB 
Chem,Phys. (239), 

V'=V{l-\^E{i<-t)). [7] 

This formula serves to calculate the change of volume h 
of solids and gases, which expand, nearly at least, proportio 
ally to the temperature. The same, however, is not 
liquids, whose rate of expansion frequently increases, b 
temperature, very rapidly ; and for such bodies we are 
to use the following formula, which is of the general form 
which every algebraic function may be developed, and is 
leas simple : — 

V= V (I + At -\- B^ -\- C^ -\- a!e.). [8] 

In this formula, V represents the required volume at si 
temperature, (, and V, the volume at 0°, which is assumed 
be known ; while A, B, C, &c., are numerical constants, i 
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ive been determined by esperiment in the case of raost liquids. 
!hem. Phys. (253). 

Both solids and liquids expand with irresistible force, and 
e have, therefore, only this one effect to consider in regard lo 
le action of heat upon them. It is ditfercnt, however, with 
ues. By enclosing a gns in e. tight vessel, we can raise ils 
mperature without changing ita volume, except so far as (be 
SBsel itself becomes enlarged by the heat. The effect of the 
eat is, Ihen, lo increase the tension or pressure of the gas. 
[ence, in the case of a gus, we may have two distinct effects j 
ret, an. increase of volume, when the pressure is constant; 
idly, an increase of tension, when the volume is constant. 
!he increased volunje may always be calculai.ed from the in- 

i6al volume and diffei^uce of temperature, by means of the 

formula, 

V= V{1 + 0.003GG ((' — ()), [9] 

rJuch differs from that just given only in that the numerical 
alue has been substituted for K, — this being the same for all 
ases. On the other hand, the increased tension may always 
e calculated from the initial tension, by meana of the corre- 
lending formula, 

M' ■=! ff{l + 0.00366 (C — ()), [10] 

■which ^aiid H' stand for the heights of the mercury cal- 
Uns whicli measure the initial and final tension respectively. 
h.e IsBt formula is easily deduced from the first, on the prin- 
|>leB of Mariotte'a law, slated above. Cbem. Phys. (201) 
>d[201]. 
"Variations of temperature produce such important charges 
' the volume and specilic gravity of all bodies, and eapedally 
gases, that it becomes frequently essential, before compar- 
'S together different observations, to reduce them all to some 
Qndard temperature. Most scientilic men use, as this stand- 
^ temperature, 0° centigrade, and scientific measures are 
irally adjusted to this standard ; but 60° Fahrenheit, corre- 
^onding to IS^.S centigrade, ia often a more convenient stand- 
tod, because it is nearer the mean temperature of the air, and 
therefore, not unfreqiiently employed, 
14. Change of Stale. — Many substances are capable of ex- 



JBting in all the three conditions of matter. Now. we GhA lU 
whenever a solid changes to a liquid, or a liqaid to a gas, 
is absorbed ; and conversely, whenever a gas is liquefied, 
liquid beiMimes a solid, heat is evolved ; although, a 
rule, this change of state is accompanied by no change of 
perature. Thus, one kilognunme of ice, in melting, ah 
~3 units of beat, although llie temperature remains at 0' 
ig the change; and when, by boiling, a kilogramine of i 
converted into eieam, under the normal pressure of tb 
no less than 537 units of heat disappear, although the 
perature both of the sleam and of the watur is constant al Vff 
during [he whole period. On the other band, when tlte SU 
U condensed or the water frozen, absolutely the same ama 
of heat is set free as was before ab^irbed. The heal ihns 
Borbed or set free is generally called the latent heal of the liqnl 
or gus, and in the case of many substances the amount ' 
been carefully measured. Chem. Phys. (277) and (299). klr 
cording to the theory we are studying, these effects at« 
direct results of the molecular condition of matter. The cba 
tof state must be accompanied by a change in the relative pod 
of the molecules, or in their distance from each otlier ; and ftik 
change, in its turn, must be attended with a destruclii 
'duction of tlie moving power on which the effects of heal dfr 
■pend. Chem. Phys. (215 bis.). 

15. purees of Heat. — The sun is the original souroe tf 
m<wl all the heat we enjoy on the earth, for the effect of I 
inh's internal heat, at its suri'ace, is at best very smaJL 
id all our artilicial sources of heat have drawn their sn|ifdf 
th«r directly or indirectly from the great central luminsrfi- 
irding to our tlieory the effect of the sun's rays is a sin^Ia' 
iBult of the transfer of molecular motion from iLe sua te 
IB earth, either by some unknown influence exerted frOB • 
itiance, or el.-ie by an actual transfer of motion through &ti' 
aterial particles of the ether, which is assumed to lill the ta- 
ppace. The great source of all artificial heal is cofDf 
In Its many forms, and this, as we shall hereafter see, b' 
oly a clofhing together of material molecules, and it 
\y aiiended with a great development of that moving powtt-' 
l|4wUoh we refer all tliennal effci'ls. 

\^ SpeeiJIc Heal. — Tlic ami-ioiU of heat required to 
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at 7fl c. ra. If ihe barometer falls to 7S i 
it be added to reaton; the equitibrium ? 
Ana. 85 i 



the barometer stani' 
bow math weight a 



10. Given the weight of one litre of dry air under the 
conditioas as 14.42 critha, what will be the weight of one litre 
iry air at the normal temperature, but under a pressure of 7 

Ads. 13.67 > 

11. A volume of gas measures fiOO c. m.* at 15° what will be 
volume at 2SS''.'2 ? To thia and the next three problems the j 
is assumed to be constant. Ans. 1000 c. m. 



12. To what temperature mua 
me quarter of the ajt whk'h it ci 



n open vessel be faeated brfa 
una at 0^ is driven out ? 

Ana, 910,07. 



What portion of the 
in it at this temperatnral 

14. A cloeed glass vessel, which at 13° was filled with mr 1 
B tension of 76 c. m. is heated to 559''.4. Determine the tea 
the heated air. Ans. 3 atmosphf 

15. Reduce the following volumea of gas pleasured at thi 
peraturea and pressure annexed to 0° Bd 7C c. m. 



fd 



1. 210= ii: 



I{=57c. 



n=si 



( = 13fi°e Ans. 70ern 
(= or.l Ans. 192 qTb 
( = 6B=.3 Aos. 0S urn 



16. What is the weight of dry air eonlained in a glass gloiw 
640 cTSi;" capacity at the temperature 546''.4 and under a pi 
of 71.2a cm. Ans. 0.2583 grBUU 

General Solution. — In order to mate the solution genenl • 
will represent the capacity of the glnlie, the temperature and ' 
hfflght of the barometer by V, i and H respectively. We can ■ 
easily find from Table III. that one cubic centimetre of dry lar' 
0°, and when the barometer stands at 7G c. m., we^ha 14.43 c ' 
or 0.001292 grammes. To find what one cubic centimetre w 
h when the barometer stands at I" 
nortion [6]. whence wh derive 

W = 0.001292 
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nnder the saino pressure but at (*, it must bo remembered that one 
' k- centimetre at 0" becomes (1 •}• t O.OOaeS) tiubic centimetres 
" £7] ; therefore at (° aiicl at II centimetres of the bnroraeter 
(1 -f- ( 0.003CS) ijrmf weigh 0.001 29 . -^ griunmea. By cqaftting 

(!-[-/ 0.00366) =:0.0012D. 5 

1 = 0.00129 . — i-i . -. 

1 +i 0.00866 76 



■ne cubic centimetre at t" sad under a presaura of 
The weight of V cubic eentimetrea (ip) is evidently 

. = 0m29V.f-p^L_.|. [10 a] 

nufl lar in this solution we have neglected the change in capacity 
«f the glass globe due to the change of temperature. This causea 
■po sensible error when the change of temperature is smaU, but 
~ on the change of temperature is quite large the change of ca- 
lity of the globe must be considered. If the capacity is V c. ni.' 
0° it bwomes at C T (1 + ( 0.00003), (See Chem. Phys. 
!41 - 344.) Introducing this value for V into the above equa- 
ls we obtain 

«= 0.00129 V (1 + i 0.00003) . jrfr'oMWe ■ ii [i» '] 

1 7, Required a general method for determining the fin. C5r. "f 
a vapor. 

SoluCion. — The epectSc gravity of a vapor has been defined as its 
weight compared with the weight of the same volume of hydrogen 
gas under the same conditions of temperature and pressure, but 
practically it is most convenient to determine the 3p. ®r. '"tl' 
i«rerence lo air, and subsequently to reduce the result to the 
hyilropen standard. 

To find, then, the Qp. ©r. °f a vapor, wo must ascertain the 
weight of a known volume, V, ataknown temperature. (, and under 
a known pressure, H, and divide this by the weight of the same 
volume of air at the same temperature, and under the same pressure. 
The method may best bo explained by an example. Suppose, 
then, that we wish to ascertain the Qn^ (Qix, of alcohol vapor. 
Wc take a light glass globe having a capacity of Jrom 400 to 500 
4>riu.', and draw the neck out in the dame of a blast lamp, so as to 
teave onl_>' a Bae opening, as shown in the figure «h a, Tfefc %a«. 




18. DefiniHon. — The atomic theory aBsumes that 60 looj 
as the identity of a substance is preserved its molecules rema*'' 
uodivided ; hut when, hy some chemical change, its identity * 
lost, and new subatanceaare formed, the thecpry supposes that tl*' 
molecules themselves are broken up into still emaller partids^' 
which it calb aiona. Indeed it regards this division of lt»' ~ 
molecules as the very essence of a chemical change. 

The word atom is derived from a, privative, and rffiw C-^ 
out), and recalls a famous controversy ia regard to ihe infinite 
divisibility of matter, which for many centuries divided ll**"^ 
philoBOphera of the world. But chemistry does not deal will 
this metaphysical question. It asserts nothing m regard lo ^* 
possible divisibility of matter ; but its modem theories dai** 
that, practically, this divi.^ion cannot be carried beyond a cen 
extent, and that we then reach particles which cannot be : 
ther divided by any chemical process now known. These a** 
the chemical atoms, and the atom is simply the unit of tl>' 
chemist, just as the molecule is the unit of the physicist, or tb< 
stars the units of the astronomer. The molecule is a group a/- 
atoms, and is a unit in the microcosm, of which it is a part, ic 
the same sense that the solar system is a unit id the great stel- 
lar universe. The molecule has been defincid as the smallesf^ 
particle of any substance which can enst by itself, and the' 
alom may be now defined as the smaliest mass of an element 
that exists in any molecule. 

Wlien a molecule breaks up, it is not supposed that the atoms i 
fall apart like grains of sand ; but simply that they arrange 
themselves in new groups, and thus give rise to the tormatioa 
of new substances. Indeed, as a rule, the atoms cannot exist 
in a free state, and wiih few exceptions every molecule consists 
of at least two atoms. This is thought to be true, even of thei 
chemical elements. The diUerence between the molecules of 



elementary Eubatance and those of a compound, accordiog 
B the theory, is mertly this, that while the first are formed by 
itoms of the same kind, the last comprisu atoms 
of different kindd. The molecules of oxygen gaa are atomic 
i well as thu.^e of water, only the molecules of 
it of oxygen atoms alone, while the molecules of 
water coTilfdn both oxygen and hydrogen atoms. Such at least 
is thecoijslitutionof mo8t elementary substances. Nevertheless, 
in the case of mercnry, zincj cadmium, and some other me- 
tallic elements, the facts compel us to believe that the molecule 
consists of but one atom, or, in other words, that in these cases 
the molecule and the atom are the same. 

19. Atomic Weights. — There must be evidently as many 
kinds of atoms as there are elementary substances ; and, since 
these Bubatancea always^tiite in delinite proportions, it must 
be al»o true that the elSnentary atoms have deflnite weights. 
Tlus oDce assumed, the law of multiple proportions, as well 
*8 that of definite proportions, becomes an essential part of our 
**<iiiiic theory; for, since the atoms are by definition indivis- 
ible, the elements can only combine atom by atom, and must 
tlierefore unite either in the proponion of ihe alocnic weights 
OT in some simple multiples of this proportion. We have dis- 
covered no means of measuring even approximately the ab- 
solute weight of an atom ; but, after we have determined, from 
Wnsiderations hereafter to be discussed, what must be Ihe num- 
■•Cr of atoms of each kind in one molecule of any substance, 
'"^ cm easily calculate their relative weight from (be results of 
*nalj3is. A few examples .will make the method plain. 

1. The analysis of water, given on page 6, proves that in 
Wo parts it contains 11.112 parts of hydrogen and 88.888 
P*ns of oxygen. Every molecule of water, then, must contain 
•Jiese two elements in just these propoitions. Now we have 
iooi reason for believing that each molecule of waier is a 
group of three atoms, — two of hydrogen and one of o.tygen. 
Then, since ^ (11.112) : 88.888 = 1:16, it follows that the 
pygen atom must weigh 16 times as much as the hydrogen 
t;aDd, if we make the hydrogen atom the unit of our atom- 
f ireigtt, then the weight of the oxygen atom, estimated in 

B units, must be 16, , 

I S> The analysis of hydrochloric acid gas proves that it con- 



taina in 100 parts 2.74 parts of hydrogen and 97.2Cof oUor 
Moreover, we bars reason to believe tbat*eacli molecule of i 
acid ia a group of two atoma. — one of hydrogen and oMi 
chlorine. Hence the atom of chlorine must weigh 33.5 times, 
much as that of hydrogen. Ita atomic weight is then So.Si 

3. The analysis of common salt, page 6, proves that it cQ 
tains in lOU parts 60.68 parts of chlorine and 39.33 partB- 
sodium, and we believe that each molecule of salt is a groitp 
two atoma, one of chlorine and* one of sodium. Then, i' 
60.68 : 39.39 = 35.5 : 23, it foUowa that llie atomic weigl 
of sodium is 23. In like manner the atomic weights of all 11 
chemical elements have been determined, and the numben si 
given in Table II. These numbers are the fundamental dsi 
of chemical science, and the basis of almofit all the oumeria 
calculations which the chemist has to make. The elements 
a compound body are always united *ither in the proportioi 
by weight, expressed by these numbers, or else ii 
multiples of these proportions; and whenever, by the breakil 
up of a complex compound, or by the mutual action of differ* 
substances on each other, the elements rearrange themselv^ 
tmd new compounds are fornied, the same numerical propi 
lions are ahvays preserved. 

The atomic weights evidently rest on two distinct kmdB' 
data ; _first, on the results of chemical analysis, which ar« 
of observation, and in regard to which the only question ci 
as to iheir greater or less accuracy ; secondli/, on our co 
sions in regard to the number of atoms in each molecule of d 
substance analyzed. This conclusion again is based chieSy < 
two classes of facts, whose bearing on the bu" " 
briefly consider. 

1. In the first place we carefully compare together all tl 
compounds of the element we are studying, with thi 
discovering the smallest weight of it which enters into 
position of any known molecule ; for this must evidently be tl 
atomic weight of the element. An example will make tl 
coarse of reasoning intelligible. 

In the following table we have a list of a number of tl 
most important compounds containing hydrogen, all of 
either are giises, or can easily be changed into vapor by bt 



had 



\t their specific graTtlieg in the etate of gas can be readily 

stermined. From these specific gravities we leum the weights 
ItUie molecules (compare § 17) which are giveo in the second 
f^aaa of the table. In the third column wc liave given the 



ight of hydrogen contained in the 


molecules, referred, of 


une, to the same unit a 


3 the we 


ght 


of the 


molecules 


-mselvea ; — 


Woight nf Mn 


Kola 












Weight 


of n.d™™ 




Hjdrogcu A 






Hydrochloric Acid 


3ii.5 






1 


Hydriodie Acid 


128.0 






1 


Hydrocyanic Acid 


27.0 






1 


Hydrogen Gas 


2.0 






2 


Water 


18.0 






2 


Sulphuretted Hydrogen 


34.0 






2 


Scleniuretted HydrogOD 


81.5 






2 


Formic Acid 


4G.0 






2 


Ammonia 


17.0 






3 


Phoaphuretted Hydrogen 


34.0 






3 


Arseniuretted Hydrogen 


78.0 






3 


Acetic Acid 


GO.O 






4 


Olefianl Gaa 


28.0 






4 


Marsh Gas 


16.0 






4 


Alcohol 


iS.Q 






e 


Ether 


74.0 






10 



Ai^uming now, as has been assumed in this table, that a 

"wlecute of hydrogen gas weighs 2, it appears that the 

imallei-t mass of hydrogen which the molecule of any known 

ati'iance contains, weighs just one half as much, or 1. "We 

fep, iherefore, tliat this mass of hydrogen cannot bo divided 

ff any chemical means, or, in oiber words, tlial it is tlie hydro- 

m atom. Tlia molecule of hydrogen gas contains ihen two 

Imgen atom^, and liiis atom is the unit lo which we refer all 

idficular and atomic weights. 

Ilf now, in like manner, we bring inlo comparison all the 

le compounds of oxygen, we shall find that the smallest 

s of oxygen which exists in the molecule of any known 

J weighs Ifi, — the atom of hydrogen weighing 1, — 

t b^ce we infer that this mass of oxygen is the oxygen atom. 

fcreover it will appear that a molecule of oxygen gas weighs 



S2, and hence it follows that each molecule of oxjgen gu> 
the molecule of hydrogen, is formed by the union of two K 
A similar comparison would show that, while the molecul6 
nitrogen gas weighs 38, the atom weighs 14, so that here ag 
the molecule consists of two atoms. This method of investi 
tiou can be extended to a large number of the chemical < 
meets, and the coDclusiona to which it leads are evidently 
gitimate, and cannot he set aside, until it can be shoini t 
Bome suhstance exists whose molecule contains a smaller is 
of any element than that hitherto assumed as the atomic wd( 
or, in other words, until the old atom has been divided. 



2. The second class of facts od which we rely for di 
ing the number of atoms in a given molecule is based oi 
specific heat of the elements (compare § IG). It would ^^ 
that the epecilic beot is (he same for all atoms, and, if thi> 
true, we might expect that e<|ual amounts of heat would M 
to the same estent the temperatures of such quantities of i 
TOrious elementary substances as contain the same numbaf 
sloms, provided, of course, that these atomic aggregate 
compared under the same conditions. Now wo cai 
accurately the number of units of heat required to raiee 
temperature of equal weights of the elementary substaneeo 
degree, and the results, which we call the specific heat of 
elements, are given in works on physics. Chem, Phys. (2J 
Evidently, if our principle is tme, these values must bo [ 
portional in every case to the number of atoms of each elem 
contained in the eqnal weights compared. Representing i 
by S and S' the specific heat of two elementary substaneea, 
m and m' the weights of the corresponding atoms, and by m 
the equal weights compared, we shall have, in any cas 



S:S': 



I 1 



rmS = 



«'5', 



[ir 



that is. T/re product of the atomic toeight of an demmtary 
stance hij its speeijie heal it always a constant quantity. 

Taldng now the atomic weights obtained by the method 
given, and the specific heats of the elements us tliey have 1 
determined by experimenting on these substances in the sri 
state, we find that, with only three exceptions, our inlereuce 



B»reel; and this principle nol only frequently enabks us lo fix 
Hhe aloroic weigLt of an element, when the fir.^t meihod foils, 
^Bbt it also gerves lo corroborate the general accuracy of our 
^fcnlts. It ii true, owing undoubtedly to many auises which 
^BSqcdcb the thermal conditions of h solid body, that this proil- 
^Htt is not nbsoluiely conslant. It varies between 5.7 and 6.9, 
^Bb mean valae being about 6.34 (see Table IV). But ihc 
^Biia&in is not important, so far as the determination of the 
^Bsfflic weights b concerned. This determination, as we have 
^■Gn, KBia chiefly on the results of analysis. The question al- 
^Hftj'g is only between two or three possible hypotheses, and as 
^WvMn these the specific heal will decide. For example, an 
^■djsig of chloride of silver proves that each molecule contains 
^^b tme atom, or 3a.5 parts of chlorine, 108 parts of silvei-. 
^^pv,106 parts of silver may represent one, two, three, or four 
^Bma, or it may be that this quantity only represents a fraction 
^Bm ftlom. To determine, wo divide C.34 by 0.057, the specific 
^Blt of silver. The result is 111, which, though not the exact 
^Briuo weight, is near enough to show th»t 108 is the weight 
^R'Ooe atonii and not of two or three. The exceptions to this 
^■preferred to above are carbon, boron, and silicon. But the 
^Kldfic heat of these elements varies so very greatly with 
^Be diSerences of physical condition — the so-called allotropic 
Hpifi»tions — which these elemetits present, — Chem. Fhya. 
^^^), — that the exceptions are not regarded as invalidat- 
'"? the general principle. The law simply fails in these cases, 
"ml we can see why it fails. 

Tills important law, whose bearing on our subject we have 
ofieSy considered, was first discovered by Dulong and Petit, and 
*«s subsequently verified by tlie very careful experiments of 
^-gnault. More recently it has been found, by Voestyn and 
"'li^rs, that ila application extends, in some cases al lea^t, to 
'^i^mical compounds ; for it would seem that the atoms retain, 
Sfen when in combination, their peculiar relations to heat, so 
""it the product of the specific heat of a substance by its molec- 
ular weight is equal to as many times 6.3 as there are atoms in 
l^e molecule. Thus the specific heat of common s^ multiplied 
V its molecular weight," gives 0.214 X 58.5 = 12.o2, wluch is 
'erjr Dearly equal to 6.3 X 2 j while in the case of corrosive 
sublunale the corresponding product, 0.069 X 271 = 18.70, is 



nesHy eqnal to 6.3 X 3, — results which are in accordmni 
with our views in regard ta the number of atoms in iba mOM 
culcs of these substances. ' 

We have here, tlien, an obvious method by which we m^ 
detormine the number of aloms in the molecule of any soSt 
and which would be of the very greatest value in invesiigaltM 
the atomic weights, could we rely on the general applieatw 
of our law. We do not expect matliematicu! exactness. Wl 
know very well that the specific heat of solid bodies »aiM 
very greatly with the temperature, as well as from other plffl 
ical cauaeii, and that it is impossible to compare them und^ 
precisely llie game conditions, us would be required in ordtf tl 
eecure accuracy. But, unfortunately, the discrepancies anil 
great, and we are .so ignomnt of ibeir cause, that as y«^ 
have not been able to place much reliance on the specific h«l 
aa a means of determining the number of atoms in the mcW 
cniee of a compound. 



3. I^/aslly, assuming that both of the means we have o 
ered fail to give satisfactory evidence in regard to the numW 
of atoms in the molecule of a given substance (which ve a 
have analyzed for the purpose of determining some atotf 
weight), we may frequently, nevertheless, reach a satiafacW' 
or at least a probable conclusion, by comparing the BQbsta9 
we are investigating with some closely allied substance whd 
constitution is known. Thus, if the molecule of sodic cKl 
ride (common salt) contains two atoms, it is probable th 
the molecules of sodic iodide, as well as those of pota 
chloride and potassic iodide, contain the same number; 
all these compound* not only have the same crystalline ft 
and the same chemical relations, but also they are compoa 
of closely allied chemical elements. Nevertheless it ia true, 
very many cases, that our conclusion in r d b n 
nf aloms which a molecule may contain i n e sa hyp 

thctical, and hence liable to error and sub han 

uncertainty, moreover, must extend to th m w gh 3 

the element^so far as they vest on such p h cal 



If we change the hypothesis in any c 
different atomic weight; but then Ibe 



^■le Btmple multiple of the oM, and will not alter the impar- 
^K relKttonB to wliich we first referred. These fuDdamenial 
HhttoDS are iudependeat of all hypothesis, and re^t on well- 
^Btblbbed laws. 

^Ethe alomic weights are the numerical constants of chem- 
^■kf, and in determining their value it Is secesBiiry to take 
^bl care which their importance demands. The essential part 
^B tlie investigation is the acctirate analysis of some compound 
^K the element whose ahimic weight is sought. The com|iound 
^Heeted for the purpose must fulfil several conditions. It must 
^Moue which can be prepared in a condition of absolute purity. 
^■'Omat be one tbe proportions of whose constituents can be 
^■termined with the greatest accuracy by the known mellioda 
^■BDalytJcal chemistry. It must contain a second element 
^B^ atomic weight is well established. Finally, it should be 
HLwmpound whose molecular condition is known, and it is best 
rSu tliis should be as simple as possible. When ibey are once 
I UDB accurately determined, the atomic weights become essea- 
I Ml (lata ia all quanUtalive analytical invesligations. 

L Qaeslions and Problems. 

^L '■ 1^ the iotegrity of a subatance reside ia its molecules or in 
B.U«ms? 

^V. ffe find by analysis that in 100 parts of potassic chloride 
^■be are 52.42 parts of potaasimn and 47. 5B parts of chlorine. 
^^<4>er, we know from previous experiments that the atomic 
^■Wt of chlorine is 35.5, and we have reason to believe that every 
^Kucale of the compound consists of two atoms, one of potrissium 
^W me of chlorine. What ia the atomic weight of potarsinm ? 
^B Ans. 39.1. 

^B- We find by analysis that in 100 parts of phoaphoriu anhydride 
^■N ire 43.116 parts of phosphorus and 5G.3.t parts of oxvgen. 
^pwver, we know that the atomic weight of oxygen is IG; and we 
^Rsnason to believe that every molecule of the compuund consiala 
^ntnin atoms, 2 of phosphorus and 5 of oxygen. What is the 
^™nic weight of phosphonjs ? Ana. 31. 

4. In Tnhle III. the student will find the molecular weights of tbe 
fulbwing osygen compounds; and we give helow, following the 
J/ae, the weight of oxygen (estimated like the molt^cular weight 
KJiydrogen atoms) which each contains. From these data it is 
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required to determine the ntomic weight of oxygen. Oxygen 
32; Water, IG; Sulphuroua Auhydride, 82, Sulphuric Anbrdi 
48; Phosphoric Oxychloride, IG ; Carbonic Oxide, 16; Carb 
Anhydride, 32 ; Osmic Anhydride, 61 ; HiCrous Oxide, 16 ; 1 
Oxide, 16 ; and Nitric Peroxide, 32. Ans. I 

6. We give below the weight of chlorine in one roolecnb 
several of ita most charactcriatic Tolatile componnds. It is reqni 
to deduce the atomic weight of chlorine on the principle of thai 
problem. Chlorine gas, 71 ; Fboaphoroua Chloride, 106.S; Hi^ 
phono Oxychloride, 10G.5; Arsenioua Chloride, 106.5; F' 
Gas, 71; Stannic Chloride, 142; StannO'triethylic Chloride, 3i 
Hud Hydrochloric Acid, 35.5. Ans. SJSJ 

6. Review the steps of the reasoning bj which the atomic weii 
have been deduced in the last two problems, and show that ' 
" molecular tueighl " and " Ike tceight of Vie eleme-, 
aie actual and independent experimental data. 

7. Analysis shows that in 100 parta of mercuric chloride there 
73.80 parti of mercury and 26.20 parta of chlorine. The spec 
heat of mercury is 0.032. What is the probable atomic weigbfi 
mercury, that of chlorine being 35.5 V Also, how many a 
each eleaaetit does one molecule of the compound contain? 

Ans. Atomic weight of mercury, 200. Each enolecule COl 
of one atom of mercury and two of chlorine. 

8. Analysis ahows that in 100 parts of ferric oxide there a 
parts of iron and 30 parts of oxygen. The specific heat of iron Ifi 
0.(14, What is the probable atomic weight of iron, that of oxygen 
being IG ? and abo, how many atoms of each element does ons 
molecule of the oxide contain ? 

Ana. Atomic weight of iron, 56. One molecule of felrio a 
contains 2 atoms of iron and 3 of oxygen. 

9. The molecular weight of silicic chloride is 170, and il 
heal, 0.1907. How many atoms does one molecule of the compound 
probably contain V An " 

10. The molecular weight of mercuric iodide is 454, a 
specific heat, 0.012. How many- atoms does one molecule of ti 
compound probably contain ? 



ria a^l 
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CHAPTER V. 



CHEMICAL NOTATION. 



20. Chemical SymhoU. — The atomiu tbeory has found ex- 
twion in chemistry in a remarkable system of notation, wliicli 
w been of the greatest value in the study of the science. In 
lis Bystem, the initial letter of the Latin name of an element 

Used as the symbol of that element, and represents in every 
Be one atom. Thua stands for oite atom of Oxygen, N for 
« atom of Nitrogen, H for one atom of Hydrogen. When 
^eral names Lave the same initial, we add for the sake of dis- 
tetion a second letter. Thus stands for one atom of Car- 
ill, CI for one atom of Chlorine, Ca for one atom of Calcium, 
W for one atom of Cuprum (copper), Cr for one atom of 
iiromium, Co for one atom of Cobalt, Cd for one atom of 
tfmium, Ct for one atom of CicBiura, and Ce for one atom 

Cerium.' The symbols of all the elements are given in 
Ale 11. Several atoms of the same element are generally 
BiCBted by adding figures, but distinguishing them from al^^e- 
^eiponenls by placing them below the letters. Thus Siij 
"ifls for two atoms of Stannum (tin), S^ for tlirca atoms 

Sulphur, and I^ for five atoms of Iodine. Sometimes, how- 
6r, in order to indicate certain relations, we repeat the symbol 
th or without a dash between them, thus HS represents a 
mp of two atoms of Hydrogen. Se^Se a group of two atoms 
lenium. We can now easily exprei^s the constitution of 
) molecule of any substance by simply grouping together the 
Ubols of the atoms of which the molecule consists. This 
Wp is generally called the symbol of the substance, and 
ids in every case for one molecule. Thus SaC^'\s the sym- 

of common salt, and represents one molecule of salt. ff^O 
be symbol of water, and represents, as before, one molecule. 
in like manner -ffj^ stands tor one molecule of ammonia 

Jl^C for one molecule of marsh gas, KNO^ for one mole- 
I of saltpetre, fliSO^ for niie molecule of sulpburic acid, 



(^/?,0, for one molecule of acetic acid, H-H for 
molecule of hydrogen gas. We do not, however, alwa; 
write tlie Bymbolain a linear form, but group the leltere 
a way as wiU best iudicate ibe relations we are stadjin 
When several molecules of the same substance lake part ija 
chemical change, we represent the fact by writing a numeric 
coefficient before the molecular symbol. A figure 90 placi 
always multiplies the whole symbol. Thus iH-NO^ stan' 
for four molecules of nitric acid, SC^B^O for three moleonl^ 
of alcohol, 6 0=0 for six raoleculea of oxyi 
clearness requires it, we enclose the symbol of the molecnle 
parentheses, thna, i{B^N), or (/f^^iV),. The precise mw 
ing of the dashes will hereafter appear. They are used, IB 
punctuation marks, to point off the parts of a molecular gyi 
bol, between which we wish to distinguish. 

21. Chemical Reactions. — These chemical symbols pve 
once a simple means of representing alt chemical changes. J 
these changes almost invariably result from the reaction of 01 
substance on another, they are called Chemical Beadiom. 
reactions must necessarily take place between molecules, li 
simply consist in the breaking up of the molecules and the mi 
rangement of the atoms in new groups. In every chemicali 
action we must distingoi.'h between the substances which R 
involved in the change and thojc which are produced by 
The first will be termed the factors and the last the products 
the reaction. As matler is indestmciible, it follows that t, 
swa of the weightt of (lie productg of amj reaction mmt o/tK) 
he egual to the sum of the weigMa of the factors, and,farthi 
that The number of atoms of each element in the products na 
be the tame as the number of alotns of the same kind i'» t 
faeloTs. This statement seems at first sight to be contradict 
by experience, since wood and many other comhastibles a 
consumed by burning. In all such cases, however, the apparei 
annihilation of the substance arises from the fact that the prod 
ucts of the change are invisible gases ; and, when these are tx 
lected, their weight is found to be equal, not only to that of tl 
sub9lance,but also, in addition to the wight of the oiygen fro 
the air consumed m t!ip proceaa As the products and facto 
ivery chemical chniij;e mn»t he equal, it follows that 



c/icmicfil reaction tirny aliPO'/a be t 



cqualioi 
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li/ vmiing the a^hola of the factors in the jvnt member and 
those of l/ie products in the second. Thus, the following equa- 
tiuu expresses the reHulion of dilute sulphurii; auid on kidc, by 
which hydrogen gas ia commonly prepai-ed. The products are 
u soiuuou of zinc sulphate and hydrogen gas. 

Kn-\-(,ffiSO,-\-Aq)={ZnS0,-\-Ag)-^IIl-lii. [12] 

'he initial letters of the Latin word Aqua are here used ■ 
;)ly to indicate that the ^ubstuuces enclosed with it in pa- 
ilieses are in solution. The symbol Zn is printed in " full- 
d " type to indicate tbaL the metal is used in the reac- 

in its well-known solid condition ; while the symbol of 
molecule of hydrogen is printed in gkelctoa type to iadi- 
: ibe condition of gas. Thid usage will be followed through- 
llitt book; but, generally, when it ia not important to indicate 
cMndilion of the materials involved in the reaction, ordinary 
B will be used. The molecule of hydrogen gas consists of 
> atoms, as our reaction indicates, and ibis is the smallest 
rality of hydrogen which can either enter into or be formed 

a chemical change. The molecule of zinc is known to 
last of only one atom. Wlien the molecular constitution 
Ro element is not known, we simply write the atomic symbol 
the reaction. 

Awmg chemical reactions we may distinguish at least three 
Kea. First, Analytical Reactions, in which a complex mole- 
B is broken op into simpler ones. Thus, when sodic bisul- 
Ue is heated, it breaks up into sodic sulphate and sulphuric 

M^S^Or = m.SO, -\- SO^ [13] 

■Ik), by fermentation grape sugar or glucose breaks up into 
Ad and carbonie anhydj'ide, — 

C„^aOo = 2(73/j;0+2COj. [14] 

Synthetical Reactions, in which two molecules 
I to form a more complex group. Thus baryta bums 
n atmosphere of sulphuric anhydride, and forms baric 
itte,— 

SaO + SO^ = BaSO^. [15] 
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The common method of preparing carbonic anhydride is lo 
pour a solution of hydrochloric acid on small lumps of marble 
(calcic carbonate), — 

CaCOs + (2HCI + Aq) = {CaC'O^ H^a., + [19] 
Aq) = {CaCl^ -f- H^O -\- Aq) + tc3®r 

We may suppose ihat the molecules of the two substances are, 
in the first place, drawn together by the force which manifests 
VieXf in the pbenomena of adhesion,' but that, as they approach, 
a mutual attraction between iheir respective atoms cornea into 
piay, which, the moment the molecules come into collision, 
muses the atoms to arrange llierosielTes in new groups. The 
groups which then result are delennined by many causes 
(those action can seldom be fully traced ; but tliere are two 
conditions which, when llie mbatances are in solution, have a 
voy important influence on the result. These conditions may 
lie thus slated : — 

1. "Whenever a compound can be formed, which is insoluble 
in I'le mensiruum present, this compound always separates as 
a precipitate. 

2. Whenever a gas can be foi-med, or any substance which 
13 volatile at the temperature at which the experiment is made, 
Uiis volatile proilnct is set free. 

The reactions 17 and 18 of this section are examples of 
the iiret, while the reactions 12 and 19 are examples of the 
second of these condilions. The facts just stated illustrate 
an important truth, which must be carefully borne in mind in 
lie study of chemistry. A chemical equation differs essen- 
tially from an algebraic expression. Any inference which 
CM be legitimately drawn from an algebraic ef|uation must, in 
some sen.^e, be true. It is not so, however, with chemiKi] sym- 
Iwk These are simply expressions of observed facL=. and, 
nlllioiigh important inferences may sometimes be drawn from 
ilie mere form of the expression, yet they are of no value 
whatever unless confirmed by experiment. Moreover, the facts 

I We find it oonvenfent to distingwieli IwtBeoii the force which holds to- 
pethor dilTerent molecnles auii that which unites the nloma of the idoIhcuIm. 
To the i]iat WB give the name o! chemical affiuilir, wliile ne c&ll the first co- 
besiva nr ndhesion, uccordln^ ns it is exerted tjeCweea moleoolei of tlie sama 
kifld or those of a different kind. 




Bum ihn ^^Mf SH^ ha» riVra 

in !!»>; naKUtm of b jdradilocie a 

pijvp C^( M the ■ ~ 

MMX <if bj-dfygm n Ibe tJwule .f Ljdiuc^u^ «^ — 

W« write tbe tjwbob in tin p 

it «:vvl^iat bj tbt; «7e thai tath s 
La'-iI/, in the reacttoa of cfakmrfonn on aimmtm 
C'/I i/f tbt firKt cbaogee pUces witb tt^ Ibne Mi 
gm lit amraonis gas, — 



pe] 



8iieh groupg as these are call>'<l compound radkafa. Ub 
the atoniK tliemselvea, ihey canntit. a? a rule, exiat b a fiee 
etate ; but aggregates of'the^ raitii*als rosy exL^, trlueb w^ 
taiM llie i-amtt relation to the railieiil- tiiat elementary sul 
bul'i lo liie atoms. Tlius, as we li:ive a gas chlorine 
of molecules, represented by Cl-Cl, so there is a gas 
consisting of molecules, represenled by CyCW, where CN'» 
a compound radical called cyann^en. Agnin, the imptoMot 
radii-als CO, SO^ and P<\ are also the molecules of well- 
known gases. These radical rubsl-mces correspond to the eto- 
mentary substances previously mentioned, in wliich the mol*- 
cttle i« a single atom. 

But with few exceptions llie rajivcti ayite.\aiuie* \ia.-i«i ^iiitit 
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s groups of 



isolated, and tbe radicals are only known 
) which pass and repass in a number ol' c 

Indeed, in the same compouad ne may frequent]^ 
several radicals. The possible radicals of a cliemi- 
i^bol (M>rre^po[ld in fact almost precisely to the possi- 
factora of an algebraic formula, and in writing the syra- 
we take out the one or the other, as the chemical change 
ire studying requires. A number of these radicals have 
:ved names, and aiuoQg those recognized in mineral com- 
ids a fen of the must important are 

SO, 
CO 



Hydroxyl 


no Sulphuryl 




ryl IIS Carbonyl 




JI,N- Pliosphoryl 


Aimilogen 


H,N Nitrosyl 


Cyanogen 


CJV Nilryl 


be radicals rt 


cognized in organic compounds 


erous, and wiU be tabulated hereaffer. 



Questions and Problems. 
I'or what do the fultowing symbols stand ? 
If; Co,; MM; 11,0: IHNO,; (,C,H,0,), 

¥w what do the following symbols stand ? 

CI; -Si; 0^0; II^N; H,SO,; SC^Jf^O. 

Pot what do the following symbols stand ? 

0; B,; Se-Se; BaCl; H.,0; SKNO^. 

Analyze the following reaction. Show that the same number 
lonti are represented on each Bide of the equation, and state the 
I to which it belongs. 

Pe + (2/^C/ + An) = {Fea^ + Aq) + SS-III. 

Analyze the following reaction. Show in what the equality 
Ik, and state tbe class to wliich tbe reaction belongs. 



Analyse the following rcactiona. Show in what tbe equality 
ste, and state the class to wbicli the reaction belongs. 
C-f O'O = COr 
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7. Analyze the following reacdon. Show in wlu 
conBistfl, and state the class to which the reaction bek) 

2H-0'H-\^ Na-Na = 2iVa-0-J5r+ E 

Water. SodiniB. 8odie ^Jdnte. 

8. The following reaction may be so written as to ii 
the products are formed by a metathesis between two sL 
cules. It is required to show that this is possible. 

2B^N^ = SJl'ff + iT"^. 

AmmfmU gaa. Ilydneen gaa. Nltrcigai gat. 

9. Write the reactions [17] and [18] so as to indicate die 
in which the metathesis is supposed to take place. 

10. State the conditions which determine the metatfaev 
various reactions given in this chapter so £ir as these conditiA 
indicated. . ^ ^ 

11. Write the reactions [1^] and [i^] so as to indicate die im 
in which the metathesis is supposed to take place. 

12. Analyze the following reaction. Show what detenmiv^' 
metathesis and also what is meant by a compound radical 

. (Pb-{NO,), + 2NH,-Cl+Aq) = 

Plumbic Nitrate. Amnionic Chloride. 

PbCI, + {2NHi-N0^ + Aq) 

Flumbic Chloride. Ammonlc Nitrate. 

13. Compare with [22] the following reaction and point 0^' 
two radicals, which, as we may assume, hydrocyanic acid contk • 

{Ag-NO^ + H-ON-\- Aq) = Ag-CW + {H-NO,-\-i 

Argentic Nitrate. Ilydrocyanic Acid. Argentic Cyanide. Mitrie hd^ 

14. When sulphuric anhydride {SO^ is added to water (fixO 
violent action ensues and sulphuric acid is formed. The react 
may be written in two ways, and it is required to explain the diffa 
views of the process, which the following equations express. 

or 2H'0'H + SOfO = Il^-OfSO^ + £r^=0. 

15. State the distinction between a chemical element an< 
elementary substance. Give also the distinction between a 
pound radical and a radical substance. 

16. Give the names of the following radicals. 

HOi HS; Nir,; NH^\ SO,; CO; PO; N0^&^ 



CHAPTER VI. 



8TO0HIOMETET. 



—The chemical aytnbola enable ua not 
represent chemical changes, bill nbo to calculate ex- 
!tly ihe amoanis of the subslances required in any given pro- 
is well as the amounts of the products which it will yield. 
fach symbol stands for a definite weight of the element it rep- 
e, that b, for the weight uf an atom ; but, as only the rela- 
e Talaes of these weights are known, ihey are beat expressed 
J many parts. Thus H stands for 1 part by weight of 
mit of our system. In like manner stands 
r 16 parts by weight of oxygen, N for 14 parts by weight 
"f nitrogen. Cfor 12 parts by weight of carbon, C, for GO parts 
h Weight of carlxin, and so on for all the symbols in Table II. 
The weight of ihc molecule of any substance must evidently 
t* the snm of the weights of its atoms, and is enaily found, 
"lien the symbol ia given, by simply adding together ihe 
"eights which the atomic symbols represent. Thus IT^O 
filandsfor 2 + 16=18 parts of water, flJJffor 3 + 14 z= 17 
pans of ammonia gas, and 0^3,0^ for 24 + 4 -|- 32 = 60 
patis of acetic acid,^ 

Having then given the symbol of a Hubstauce, it is very easy 
lo cnlculate its percentage composition. Thus, as in 60 parts of 
acetic acid there are 24 parts of carbon, in 100 parts of the 
acid lliere must bo 40 parts of carbon, and so for eacfi of tlie 
other elements. The result appears below ; and in the same 
way fJie percentage composition both of alcohol and ether has 
been calculated from the aecompanying symboL 

I In tbii book " llie mokevlar vieigbl of /t tubitance " will nlwByi mean tba 
eiuu of Die Btomlo weight of tho atoms c/iinpcHiiDi; aae molecule, snd wo Bhall 
ii<B the phrase, " the laoUtvlnr meigkl of a symbol," or " Ihe total atomic mtighl 
Ufa ij/mial,'" to denots Ihe gum of the alomlo weights of all tlie molecnlee which 
Ibe tjruLol repreacata. 
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Acetio Acid Alcohol 


Ether 




CfH^O^. C^H^O. 


c^H^^a, 


Carbon 


40.00 52.18 


64.86 


Hydrogen 


6.67 13.04 


13.52 


Oxygen 


63.33 34.78 


21.62 



100.00 100.00 100.00 

« 

The rule, easily deduced, is this : As the weight of the mdt 
cide IS to the weight of each element, so is one hundred parti it 
the percentage required. 

On the other hand, having given the percentage compositifliii 
it is easy to calculate the number of atoms of each element in 
the molecule of the substance. This problem is evidently ^ 
reverse of the last, but it does not, like that, always admit of » 
definite solution ; for, while there is but one percentage compO" 
sition corresponding to a given symbol, there may be an infinit* 
number of symbols corresponding to a given percentage com- 
position. For example, the percentage composition of aoetUJ 
acid corresponds not only to the formula Cg^Og, given abovCf 
but also to any multiple of that formula, as can easily be seen 
by calculating the percentage composition of CH^O, C^Bfi^ 
C^H^ O4, &c. They will all necessarily give the same result, 
and, before we can determine the absolute number of atoms oa 
each element present, we must have given another conditioti* 
namely, the sum of the weights of the atoms, or, in other 
words, the molecular weight of the substance. When this ** 
known, the probh^m can at once be definitely solved. 

Suppose we have given the percentage composition of alco- 
hol, as above, and also the further fact that its molecular weig"* 
is 46. We can then at once make the proportion 

100 : 52.18 = 40 : X = 24 the weight of the atoms of carbon, 
100:13.04 = 40:0:= G " " " " " " hydroge^' 
100 : 34.78 = 40 : x = 1 G " " " " " " oxygen.' 

Then it followH that 

H = 2 the nunilxu* of atoms of ca/bon in one molecule, 
^ = " ** »* " " hydrogen in one moh 
-il = 1 " " ** ** " oxygen in one molecule. 

Il k <rvVAftnl tT<mi V\\Wjxaiu\Ue, that, in order to del 



\Vi»^jxa 



::r^i :ixiD "aE»c: ^^ 
nc lY '^^^^ j■."■Jr^:i»^ -a: 

f'cr Twtss: Ss- -gRs^rac _; m* - ' • ' ■* y i _i>ui>g £ » ^*r - ^ 

prKiLfSB irnRfT x ^b- ume^ ivies. .£». afr- ^rm. 
I ?t^ XML ^i3c««e:^ 'as* a mtij-ata r ^«?^:SIK sb. ft 
a 3T11L XaoM: TT. Z ^wr «^ tfgttfngr^'gzg 



:*»«rvr 



the rifcwni'at r^aiTixa&r idj yc^ex aec tjasKaoEC: ifiM^'*^ aerk 

^^ the coai>.'t>h^.xi jc a»» ^^sntssiir: ^f^ kt? sau^-^jnc iii 

sioiplesi terms, ia oc^ier warSsw irict ibf >r>ir'^s; 3«Q»^*rtr ^" 

M in the molecale. SCTpfose ibe ss>;»ii^^ » W v-yoie j^isws*?; 

-h cannot be ToUtOized wniMkui ckvrvw.>»iu^\x *»i *V w^»cJi 

faction is known which si^res anr dtr-gniir cjt^w t\» i» nKiO^ 

r weight. Peligot's anairsis^ ca^e^^ on pj^gy '^ >lK%wi& th;ii it 

ains, in 100 parts, 42.06 parts of carU^u, tlaO |virt> oi* 

'ogen, and 51.44 parts of oxygen. A.v^unio lor tht> luo- 

t that the molecular weight is equal to 100 then 

42.06 o ^^ , 

-j^- = o.oO the number of atoms of carbon. 

6.50 

-y- = 6.50 « « « « « liyilrogen. 

^16^ = 3.22 « " '* " ♦< oxygen. 

lis would be the numlier of ttt/>iH« of i^H^^h <^h<»Mf^a if H^i 
of the atomic weif^ht, tlwt i«, iIm< io//|/f/'uliir wi j^i^/, //f 
•, were equal t/i H>^>, Am, fytftn Um n^ry ^U'iihmoh; ^Vo/j- 
l atoms (:^'rj!M(A ^^zxki, iii^-,^ nmuiMirn ii4/^ m^^*4hU-, h^i 



=4 5n}CHio3iEraT- 

••^r He :-*we!S number -jt -riioie jsoms possible, by seeking for 

He H^*-t^ -inaije?% Tcuie aumbtr*^ \rhicii stand to each other 

:i It -rtaLX'D 't X^O : %J«> : 'JJi:±, a proportioa which is veiy 

-— -:■ siii^sixs:*! ?y li : ±i : 11. Hience. the simplest possibb 

•v-u^'i 5 .' Jl^j-^ md :iii* lisift been adopted by chemists « 

L'- -v:x.«»i t ane -«x:sir. jiinoiizh. OTm anything we as yet 

i:;i.'.v, Hc -vriLNji JKiy Je a Dauidpie of thi& If now, taking 

Hi> -v':3x.H>i is ur -«irrm£^int, we oalcnlate the percentage 

• a:: »->;L3jtt Tu;ca ▼ouid ^xsu-tiy •.'arre^poad to it, we obtain 

.lowing :'r?Hucs* ▼iuca ^ve iiave arranged in a tabular 

-••ti. -o cikL ae -luiitiit oiav rjmpare the theoretical compo- 

;h'-u vr.2. :o^ .imiLvtrrs P.-tLipt jotained by actual analysifli 

/jMVMR(t(/M »f Cane Sugary 



Hr 



;an>jit vi..'^J 42.11 

^t^*lrt?!CHl "5.50 6.43 



I'.'O.JO 100.00 

'*** ■"■•-• r',»e »^i.*tr«:«t ::it» :*to "s aow seen to be within the 

■" -v .»i iii54>^i5s utu -iiis example illustrates the 

V M. u-^-^u-ti;;!!.;:^ uKiiv:!v:*i r^j^Hiics 'Zenerally adopted by 

*/ ^ . : v : 'A n V V r i i ><«.t>!Mvit * 'e •till easily deduce a simple 
«:-. I !n :-».-t; -1,1 I'l- r:'iiii!ic iif >v:iiixH ot a compound when 
Hs^ H -rMiM;^ .viiij'v^iir^Mt ?- Vu'wu Buc this Hilc may be best 
c\*'i^-v^»- It lit t.in.;»i-t.v.' i^i-uuirt, which will show to the eye 
ai: MM" -,10 •**^a.u'ir c" . 10 liianccics involved in the calcula- 
tiiMK ,1 •.; v.. a i»' :>- '.v >.• wn»i our sieclxH.! to the solution of 
nui:-.v v:ia>c<< .('- v.^lcius wux-ii we m.L::u not otherwise foresee. 
Lee u> then r\-'j.-v><."r.5 

l^v M the w\jic^.: oc aar ohemioal compound in grammes. 
•• rn the moKvular wei^ilu of the compound in hydrogen 

aioms. 
^ W the weight of anv constituent of that compound, whether 

* element or comi>«^nnd mdical, in grammes. 
« tr the total atomic weight of element or radical in one 
molecule. 
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J !- = propartian by weigiit of the oonstitiient in the oomponnd. 



— = wei^it of constitaent in MgrammeB of compound, or 

W=M~. -- ^ :.^ V- [2^,-1 
m ^ -* 

Any three of these quantitieB being given, the fourth can. of 
couFBe, be foimd. Thus we may solve four classes of pro! litems. 

1. We may find the weight of any constituent in a given 
weight of a compound, when we know the molecular weight of 
the compound and the total atomic weight of the constituent in 
one molecule. 

Problem. It is required to find the weight of sulphuric 
anhydride SO^ in 4 grammes of plumbic sulphate PhO, SO^f. 
Here, tr = 32 -f 5 X 1 6 = 80, wz = 207 + 1 6 -f 80 = SOS, 
and Jf = 4. Ans. 1.056 grammes, 

2. We can find the weight of a compound which can l>e 
produced from, or corresponds to, a ^ven weight of one of its 
constituents, when the same quantities are known as above. 

Problem. How many grammes of crystallized green vitriol, 
FeSO^r TffiO, can be made from 5 grammes of iron ? Here, 
w = 56, m = 278, ir= 5. Ans. 24.821. 

3. We can find the molecular weight of a compound when 
we have given the weight of one constituent in a given weight 
of the compound, and the total atomic weight of that cotiptitu- 
ent in the molecule. 

Problem. In 7.5 grammes of ethylic iwliik, tlicrf? nf H lOO 
grammes of iodine; the total ntmiir; t/rij/)it of io'liiM- in nut*. 
molecule is 127. What \n the moleciil/jr ytt^'iu^ii nf # fh;)//; 
iodide? Am. 100. 

4. We can find ibi; tofal nU/ttm "wp't^hi fff tm*' t-imsi)Ut*'ii^ fff 
a molecule when If^e VftM^'^Astf "iv^^'tifhi U 07*- ft, mi*) n) o 0/^ 
weight of ibe am-'lHttf^ft*, 0ft ft ^Mf*.*^ * 't s\ii>, '.'iii.vrmA. 



• .> 
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Problem. The moleuular weight of acetic acid is 6 
per cent of carbon lu iLe compound 40. What is the toti 
ittomic weight of carbon iu one molecule? Ana. 24. 
Whence number of carbon atoms in one molecule, 2. 

The last problem is essentially the earac as ihat of findin 
the symbol of a compound when its percentage composition i 
given, while the first corresponds to the reverse problem < 
deducing ihe percenlage composition from the symbol. By 
slight change the formula can be much better adapted toth 
class of cases. For this purpose we may put M = 1 00, aet 
we are solely dealing with per cents, and also put v!=:m 
a standing for the atomic weight of any element, and » for tt 
number of atoms of that element in one molecule c^ ill 
compound ive are studying. We then have 

r=100f and„ = jE J. [Si; 

The first of these forms is adapted for calculating the per cw 
of each element of a compound when the molecular wd^ 
the number of atoms of each element in one molecule, and tl 
several atomic weights, are known ; and it i^; evident that a 
these data are given by the chemical symbol of the compouni 
The second of these forms enables us to calculate the niinilM 
of atoms of each element present in one molecule of a coo 
pound when the percentage composition, the molecular weigh 
and tile several atomic weights, are known, and itlusfrates ti 
prindple before developed, that the molecular weight is i 
essential element of the problem, a 
■^ 24. Stocliiametrical Problems. — The principles of the pre 
vioua neelion apply not only to single molecular formulae, b 
obviously may also be extended to the equatious which repl 
sent chemical changes. Since the molecular symbols whic 
are equaled in these expressions represent known relaliv 
weights, it must be true in every case that we can calculate th 
weight of either of the factors or products of the chemioa 
change it represents, provided only that the weight of son 
is known. If we represent by «j and m the total atomic weigl 
of any two symbols entering into the chemical equationf, ) 
by iV and M [he weight iu grammes of the factors or product 
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llhicb these symbols represent, then the simple nlgebraic 
fbrmulse of the last section will apjilj to all stochio metrical 
roblems of this kind, as well as lo those before indicated, 
these formulse, however, are merely the algebraic expression 
f the familiar rule uf Oiree, and iiU stoehiomelrical problems 
ft solved more easily by this simple arithmetical rule. Using 
Ae word Bymbol to express the sum of the atomic weighta it 
KsenU, we may state the rule as applied to chemical prob- 
\i in the* following words, which should be committed to 
(mery. 

JScpregi the reaction in tfie form of an equalion ; mate then 

ariton. As Ihe gtpnhol of the iJibstance given is tot/ie st/m- 

vf Ae suhitanee required, so is the weight of the subslanee 

X, the weight of the tubstance required ; reduce ihe 

iaholi to numbers, and ealciilale the value of x. o- : BB^ -, \S)f\ 

^lia rule applies equally well to all problems, like iboae of 

B last section, in which Ihe elements or radicals of ihe same 

ir symbol are alone involved ; only in such cases there 

of course no equation to be written. A few examples will 

ItiMlBle the application of the rule. 

Ppotlem 1. We have given 10 kilogrammes of common salt, 
■4 It is required to calculate how much hydrochloric acid gas 
i\fL obtained from it by treating with sulphuric acid. The 

is expressed by the equation 
Waa-\- H^SO, -f Jy) = {Na.,SO, + Aq) + 2IIIS/, 
Kioe we deduce the following proportion, 
2jV((CT:2//C7=10;a; = Ana. 6.239 kilogrammea. 
*rtblem 2, It is required to calculate how much sulphuric 
A RDd nitre must be u=ed to make 250 grammes of tlie 
Onpst nitric acid. The reaction is expressed by the 

KHrO^ + -ffa so, = K, HSO, + HNO^ 
we get the proportions 



17. The molecalar weight of potassic nitrate U lOI.l, and 2.3E9 
grammea of the salt contain l.l'JO grBinines of oxjgen. Wh&t 1$ 
the total atomic weight of oxj-gen, and also the nomber of oxygem 
atoma in ooe molecule ? 

Ana. Total atomic weight 48. No. of osygan atoms 3. 

18. How mvch nitric acid (JINO^ is required to dissolve 3,8(ki 
grammea of copper (Cu) and how much cupric nitrate (CuN^O^y 
and how much nitric oxide {NO) will be formed in the proceea?' 
The reaction Is expressed by the equation 

Ans. 10.08 grammes of nitric acid; 11.244 grummes of cnpris 
DLtratc and O.fiO granmics of nitric oxide. 

19. How much common salt (NaCl) must be added to a solalaoa'; 
containing 30 grammes of argentic nitrate {AgNO^) in cniter to 
throw down the whole of tho silver, and hoir much argentic chloridK 
(AgCi) will be ihm precipitated ? 

(AgMO, -\- Na CI + Aq) = AgCI + (JPoWOg + Aq). 

Ana. 9.75 grammes of salt and 23.92 grammes ai^ntic chloiid^' 

20. How many litres of anmionia gas QSflHj) and how maaj of 
chlorine gas (§I-®1 are required to make one litre of nitrogen gag 
SS"^ ? How many litres of hydrochloric acid gas (SISl) 



23SriIIj- 



= 63I£fgi + SSf^BSr. 



Ans. 2 litres of ammonia gas ; 3 litres of chlorii 
litres of hydrocliloric acid gas. 



gaa, and 6 



21. How many litres of hydrochloric acid gas (I5TCC11) and how 
many of oxygen gas {©-©) can be obtained from one litre dt' 
aqueous vapor (iH®), and how many litres of cblor 
list bo used in the process ? 



32. How many litres of oxygen gas ((3)0) are required to 
completely (i. e. to combine with) one litre of alcohol ■ 
(®jiH(c)), and how many litres of carbonic anhydride ((3®,) a 
how many of aqueous Taper (JS,®) are formed by the ] 
The chemical reaction which taki^ place when alcohol burns i 
expressed by the equation 
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®^® + SCfiHD = 2(g©a + 31^,(0). 

Ans. 3 litres of oxygen gas ; 2 litres of carbonic anhydride, and 
3 litres of aqueous vapor. 

23. How many litres of oxygen gas are required to burn one 
litre of arseninretted hydrogen (IHy^), and how many litres of 
arsenious aci& vapor (>SV«C6)j) and how many of aqueous v^por are 
formed in the process ? 

4ig8^ + 9 (fi)=® = 4^s(D^ + 631,(0). 

Ans. 2^ litres of oxygen gas ; 1 litre arsenious acid vapor and 1^ 
litres of aqueous vapor. 

24. How many litres of chlorine gas can be made with 19.49 
grammes of manganic oxide {MnOt) ? 

]llil02+ {U£a+Aq) = {Mn Gl^J^2H^0-\-Aq) +®l-<gL 

* Ans. 5 litres. 

25. How many granmies of chalk {CaCO^ are required to yield 
one litre of carbonic anhydride ? 

GaCOs + {2Ha + Aq) = {Caa, + ir,0^ Aq) + 00^ 

Ans. 4.48 grammes. 

26. How many litres of hydrochloric acid gas (HCT) can be made 
with 8.177 kilogrammes of common salt (NaCl) ? 

{2Na a + H^SO^ + Aq) = {Na^SO^ + Jy) + 2 11101. 

Ans. -6000. 

27. How many grammes of ferrous sulphide (FeS) are required 
to yield 668 cTm.* of sulphuretted hydrogen {K%S) ? 

Pes + {H^SO^ + Aq) = {FeSO^ + Aq) + m,^. 

Ans. 2.24 grammes. 

< 



Problem 3. How many litres of ammonia gas NH^ are a 
taioed in 20 grammes of aDimonic cliloride, NIIsHCl'i 
we require no equation ; for the symbol itself gives at once U 
proportion 



Jif«CM = ^ 



= An3. 8.343 litres. 



Id applying the rulee of IbJa chapter to the solring 
Btochioraeti-ical problems, the student should carefuHy bear 
mind, first, that the rule of (24} applies to all those cases 
which the weight of one subataiire is to ha calculated, from 
weight of another; secondly., that when volume is to be dedui 
from volume the answer can be found by mere inspectic 
the equation according lo the principles stated in (25), 
thirdly, that the rule of page 49 applies only to those problf 
in which volume is lo be calculated from weight, or the 
In using this last rule it must he remembered that the " 
substance " is always the one whose weight is given or songbt,: 
while [he "second substance" is always the one whose volumd 
IE given or sought. 



Qtiestions and Problems. 

1. What is the molecular weight of plumbic sulphate, PlfO^SO. 
Ofcak-ie phiMphate, CafOi{PO\'l Of ammonia almn, 
(iVflJ,, (yiy|D,-(50,)„ ■iill^O'i Ans. 303, 310, and 906.8. 

2. Wbat are the molecular weigbta of the Bymbola 

3C.Ji,0^; 5{FcS0t. 1H,0) and 1K^-0.fC0? 

Ana. 180, 1330, and 967.4. 

3. Are the total atomic weights of the two members of the follow- 
ing reaction equal? 

Fe + {H,SOt + Jy) = {FeSO, + Arj) + H-IT. 

Ana. The>totat weight of each member of the equation is 154. 

4. Calculate the percentage composition of ammonic chloride 
Nn,CL Ans. Nitmgen, 26.17; Hydrogen, 7.48; Chlorine, es.S5.' 

5. Calculate the pertentage compoBition of nitrobennocl, C^H^NO^ 
Ans. C.irhoo, S8.&3; Hydrogen, 4.07 ; Nitrogen, 11.3J ; Oxygen 

2B.01, 



S. (Jiven the percentage composition of chloroform as follows : 
Cafbon, )0M; Hj-dn^en, 0.83; Chlorine, 80,13. Iteciiiired the 
ijmbol, knowing that the Sp. Gr. of chloroform vapor eipaU 5U.7S. 
Ana. CflCl^ 
I Given the percentage eoinpoBition of atanno-dielhylic bromide 
« ibiiows: Tin, 36.13 ; Carbon, 14,29 ; Hydrogen, 2.9? ; Bromine, 
*JM. Reqaired the symbols, knowing that the Sp. Gr. of the 
Mp««pialBi68. Ans. SnC.M.Br,. 

8. Given the percentage compoaition of ethylene chloride as fol- 
lows: Carbon. 24.24 ; Hydrogen, 4,04 ; Chlorine, 71.72. Ifcijuired 
tbe symbol, knowing that the Bp. Gr. of the vapor ei]uahi 49.5. 

. Ans. C\H^(\ 

9. Given the percentage composition of cream of tartar as fol- 
iwb: Potasaiuro, 20.79; Hydrogen, 2, Gi! ; Carbon, 2S..'i2 ; O.tygen, 
1.03. Required the aimpleat symbol possible. Ans, KII^C,0,. 
lb. Given the percentage composition of crystallized ferrous sal- 
late as follows: Iron, 20.15; Sulphur, 11.51; Oxygen, 23.02; 
'ftter, 45,32. Reqoired the simplest symbol posible. 
Ana. Sstinating the nnmber of molecules of water (IhO), at 
water were a'fourth element with an atomic weight of IS, we get 

11. The percentage composition of morphia according to Liebig*a 
lalysis it Carbon, 71,35 ; Hydrogen, G,69 ; Nitrogen, 4.99 ; Osj- 
ta (by loss), IS, 97. What is the symbol of this alkaloid, and how 
aedy does this symbol agree with the results of analysis ? 

Am. The symbol C„H^tNO, would require 71,58 Carbon, 6.68 
Hydrogen, 4,91 Nitrogen, and 1G.85 Oxygen. 

12. It is required to find the weight of pboapborus in 155 kilos, 
calcic phosphate {Ca^Pfi,). Ana. 31 kilos. 

13. It is required to find the weight of sulphuric anhydride (,S0^ 
284 kUoa. of Eodic sulphate, iVdjSO,. Ans, 80 kiloa, ; 

14. How many grammes of plumbic sulphate {PhSOJ can be 
ade from 2.667 grammes of sulphuric unhydvide (SO,) 

Ans. M^ grammes. / <^ 

15. How many grammes crystallized cupric sulphate (CuSO^. 
B,0) will yield 317 grammes of copper 7 Ana, 1 33 7 grammes. 

16. Required the total molecular weight of crystallized sodic 
MHpbate, knowing that 71,6 parts of the salt contain 9,2 parts of 
dinm, sad that the total atomic weight of sodium in one niole- 

of the compound is 46. Ans. 3,'>8. 
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T'^'T.- ■ :■ K-^ ■ ■•-»r.ia:: ..-i* ^rramme? o: osvjfen. 

11 r .L. ;i:32.. w*j»^.- f cT'T^Tei- an- aisc iJbt nnniber' 
&:os. :. •■:■ mj:- ..:■ 

-ill a ciUi. aiom: Wfirt* ■; ^ No. of oxvcjen s 

Lt^ zz'22: mrr. &ci. .//.^"' . i' Tfoniivd to diss 
rrs^sn." --rpiie' an. nov- mucx fiipric nitrate 

l:. ;. ■• r.-j_: nirr. oxiii- ..V" wil! itt lormed in tht 






— A".- = - •' • CuX, '»: — 4.K — Aq 



.11. ■* rraninifr o: nitri' acit: Il.i'44 grammes 

:.::r-:- aii •..•■■ graTiinnir o: nitric oxidt:. 

'. I; »T mu'j: commcn. sal: ■. .Vo 7' > mu!^ l»e added to 
".:^:.:xi_ : jTranmie- o: anreniii nirrate iJff-Vt'. ) i 
:.-■«■ - ■"«•: ii:- wiiui*. o: tiii siivtir. and how much argent 
irl iH ihxt ppeciDitaied r 

.-ir.: -'■" ;r"amme* of salt and 2S.P2 prammes argenti 

: :i T mar;, iirre*^ of ammonia gas rrL?TT ) and ho 

.. ' ■ ■ -.:■ '•!:■ B. an- n-juirt-J i^ make one lirre of nil 

rl V maEv litres of hvdrochloric acid o-as (. 

i"^TTl. — S 131-31 = CSgi + :iS^j3. 

■-::- : 1 :tv* o: ammonia gas : 3 litres of chlorine £ 
- re? :■:' bvdrocLloric acid jras. 

y. •'■ :-inr litres of hydrochloric acid gas (3131 
:\;.\:-rr. gas (0=D) can bo obtained from a 
• v..j..r (TIsD), and how many litres of cL 
;. ::.K :a: used in the process ? 

X -. J litri'S of Iiydrochloric acid gas, ^ litre of oxv^n^ 
1 Jit IV of chlorine g;is. 

- . II w many litres of oxygen sras ^^ i> O^ are re.;::r 
• 'y (i. 0. to combine witlO or.o l::rt> c:" k', 
I ' ^\ ami how many litn's of cirK*:::.* Ar->v.:r-!.-o 
^ > ^*^ ;vv\vioou3 va[K)r (i^CjO"^ -^rv rVniiO'l Vv :".. 

• .\\ Tvav'Uow >iiVav:>\ Vjiix* \lic^: w~<n al,,b: 



■Hfith these additioDs to our notation we are able lo express 
onr Bjmbola all that was valuable in the old Bj-alem of 
luivalenis, and at the same time all that ia peculiar to our 
rfom theories. 

crecisely the same relatioDs of quantivalence are manifested 
'Cn more fully by the compound radicals, whenever in a 
letmcal reaction they change places with elementary atoms. 
ii their replacing value is indicated in the same way. Thus, 
m lie following reaction, 



i radical GJifi, named acetyl, changes places with one atom 
bjdrogen, and is therefore univalent, while in the next, 



^radical CH\& as evidently trivalent. 

Tbe quantivalence of an element or radical is shown, not only 
ts power of replacing hydrogen atoms, but also by its power 

icpladng any other atoms whose quantivalence \% known. 

Hreover, what ia still more important, the quantivalence of ao 

'itieiit or radical is shown, not only by its replacing power, but 

1^ what we may term its atom-Jixing power, that is, by its 

V of holding together other elements or radicals in a mole- 

We may take as examples the molecules of four very 

iracteristic compounds, namely, hydrochloric acid, water, 
' I, and marsh gas, whose symbols may be written thus, 



S'Cl N. H-0 H, H, H'-Jf H,H.H. HiC. 

By these symbols it appears, that, while the univalent atom of 

can hold but one atom of hydrogen, the bivalent atom 

oxygen holds two, the trivalent atom of nitrogen three, and 

quadrivalent atom of carbon four atoms of the same ele- 

It appears, then, that the Roman numerals or dashes, 

represent the replacing power of the atoms or radicals, 

ent also the idom-jixing power of the same, measured 

leadi case by the number of atoms of hydrogeu, or their 
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equivalents, with which these atoms or radicals am cons 
form a single molecule. Oa account of the importani 
this principle we will extend our illustrations to a nawJu 
other compounda, and the student should carefully com 
in each casu the quantivalence on the two sides of the 
or dashes, which mark the atom-fixing power of the dom! 
atom in the molecule. 

M- CI K-I clH.'Br K- ON; 

Sffdic Chloilile. Folusic lodido. ElhyUc BiDiuldB. FoUiill: tyiuUt. 

K'O-ff Pb-O E-O-NOi H'O-gIh^O; 



The (jnanti valence of the chemical elements, especial 
indicated by their atom-fising power, is by no means a 
the eame. They constantly exhibit under different cond 
an unequal atom-fixing power. Thus we have 



Sna^ and SnG^, PCI, and PCl^, 



MKs 



aira;( 



Each element, however, has a maximum power, which it 
exceeds. This we shall call its atomicity, and we shall d 
guish the elements as monads, dyads, triads, &c., accord] 
the number of univalent atoms or radicals they are 
most to bind together. Thus nitrogen ia a pentad, alt! 
it is more commonly trivalent, and lead is a tetrad, altt 
it is usually bivalent. Again, sulphur is a hexad, altl 
in most of its relations it is, like lead, bivalent. Ia 
manner with other elements, one of the few possibh 
ditions is generally much more common and stable thai 
rest, and this prevailing quantivalence of an element 
more characteristic property than its maximum quai 
lence or atomicity. A claasification of the elements baai 
their atomicity alone would contravene their most 
analogies, while one based on the prevailing quantivn 
very ni'arly satisfies all uaiural affinities. Moreover, i 
be added, that, while the previiiling quantivalence of 
ments is generally well established, their atomicity ia frequ 
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Still in doubt ; for the first can generally be diecovered by stiidy- 
ing the simple compounda of the elements with chlorine or hy- 
drogen, vhile the I&st is often only manifested in ihode more 
complex comhi nation^ in regard to which a ditf'ei'ence of opln- 
wn is possible. 

The possible degrees of qnantivalence of an eleraeciary 
itom are related to eaeb other by a very simple law. They 
HR either all even or all odd. Thus the atom of Bulphur may 
h seitivalent, quadrivalent and bivalent, but is never iriva- 
Jent or lutivalent ; and on the other hand the atom of nitrogen 
"Mjbe quinquivalent, ti-ivaleht and univalent, but not quad- 
tivdtuiC or bivalent. Atoms like those of sulphur, who?i3 quon- 
tinleoee is always even, are calltd artiads, while those like 
wogen, whose quautivalence is always odd, are called 
.pirimdt. 

28i Momieity or QuanUvaletiee of Radteah. — When in the 
niotecule of any compound the dominiiut or central atom ia 
DBiled to as many other atoms as it can hold of that kind, llie 
Wlecule is eaid to be satnrated ; thus 

Ba, MA ^^^, tho 

aH saturated molecules ; for, although nitrogen ia a peiliS 
**nmot without tlie intervention of some other atom or radical 
Wdtnofe than three atoms of hydrogen. While on the other 
land the molecules 

eO, PCI, and SnCk 

* Mt saturated, for they can combine directly with 
■JgBQ or chlorine, forming thus the saturated molecules 

CO.^ POUBndSnOli. 

If now from a saturated molecule we withdraw one oi" more 
sua of hydrogen, or their equivalents, the residue moy be re- 
gtrded as a compovnd radical with an atomicity equal to the 
of hydrogen atoms, or their equivalents, withdrawn. 
Huo, if from the saturated molecule of marsh gas HfO we 
wilfidniw one atom of hydrogen, we get the radical methyl 
BfCj which J3 a monad ; if we withdraw two atoms, we h 



iilical 
other 



the radical, KC, which is & dyad; if we wiilidraw 
there reaults MO, wliich is a triad ; and lastly, if we wi' 
draw all four, we fall hack on llie tutrad atom of carbon. Ai 
if from the saturated molecule of nitric anhydride N^O^ 
withdraw one atom of the dyad oxygen 0, it falls into 
atoms of NOj each of which i« a monad. If novr we ■ 
draw from NO^ one of its remaining atoms of oxygen, 
have left NO, which ia a triad. Lastly, a molecnle of sulphi 
anhydride SO^, which is saturated, gives, by withdrawing 
atom of oxygen, SO^ which acta as a bivalent radical. Tl 
considerations lead ua to a simple rule, first slated byWuf 
which in almost every case will enable us to infer the atomit 
of any given radical. 27ie alomiinly ^ of a compound 
is alieayi equal to the number ofhj/drogen atoms, or their 
lenls, which the radical may he regarded as having lost. 

It must not be supposed, however, that all such radicals 
possible compounds. In a few leases only these reddne 
which wo have been speaking, form non-saturated molec 
which are capable of existing in a free state, like those cif 
bonic oxide, nitric oxide and sulphurous acid. At other t 
they are compound radicals, which, i^ doubling, form molei 
that can exist in a free state, as those of cyanogen gae, 
perhaps also of some hydrocarbons. Again, they appear 
compound radicals, which pass and repass in so many chem 
reactions as to almost force upon us the belief that tbey h 
a real existence, and represent the actual grouping of 
atoms in the compounds of which they seem to be an 
tegral part. Still again, and even more ^quenlly, they 
only be regarded as convenient factors in a chemical equad 

3 lilwitj'B tbc samo u 
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Questions and Probleias. 



1 1 ■ Ajialfze the following metatheticol reactions, showing in each 
e bow iDany parts of the several elemeots are eqiuTolent to one 
t by weight of hydrogen, and also to how many atoms of hydro- 
1 one atom of each of the inlerciiangiog elements corresponds, 
r the atomic weights refer to Table 11. 

2H-0'O,H,-\-K-K= IK-O'CJI, + H-H. 

W-0-H-\- Mg = Mg-0.fH^ + B-H. 

Sb'-O^H^ + 3.ffC7 = SbC/s-j- %H-0-H. 

4ff-0-H4- Si CI, = ff^iOfSi + iNCl. 

■ 2 Id^e out a table of chemii:iLl eqiUTalents so far as the reectiona 
f this chapter will enable yoa to deduce them from the atomic 
bights given in Table II. 

ra. Analyse the tbilowing metathetical reactions, sbowing in each 
be how the quantivalence of the several compound riidicals in- 
Bved in the metathesis, is indicated. 

r£-ff+(C3J?i0)-0-(C3^)=(i73ff«O)-O-ff-}-ff-0-(G^). 



3ffO--ff -I- {CJT.YGk — {C^fT^yO-fH, + SIICl. 

WUbf. Glyonjl Chlnridfl. OlycorJaf. Hydrochlurle Add- 

o names of the radicals are as follows : CiHfi, At^etyl ; CH^ 
thyl; C,ff., Ethjlene; C,H„ Glyceryl ; CN, Cyanogen. 
4. What is the atom-fixing power or quaiiti valence of the difTep- 
;nt atoms and radicals in the following symbols ? 



EfSi^S}S N.Nii'0.i^GO 



{SB^yO-NO 



6. If nfi ; C,ff, ; C,Hfi, (alcohol) ; COCl, (phosgene gas) ; 
CtBfO, (acetic acid) and C^U^O, (oxalic acid) arc saturated mole- 
cules, wha£ is the atomicity of the milicals HO (hydroxyl) ; C,H^ 
(ethyl) i q,ff^ (ethylene) ; C^Hfi (aldehyde) ; CO (carbonyl) ; 
C^^O (acetyl) and Cfi, (oxalyl). 



CHAPTER VIII. 



I 



29. 7)/pes of Chemical Compounds. — There arB 
modes or Jbrms of atomic grouping, to wliicli so large I 
ber of substanceB may be referred, that lliey are regaj 
molecular types, or pallerns, accordiog lo which the a£ 
a molecule are grouped together. Tbese types may be 
sented by the general formula* ; — 



Ii,E, , 



Ji, R'R or R-RS- 






or R,R-R-R.^ 

It wi]l be noticed, that in the firat of these typea a 
Talent atom or radical ^ is united to another single uit 
atom, ihat in ibe second a bivuleni atom Linda togetb 
univalent atoms or their equivalents, and that in the 1 
ti'ivalent atom binds together three univalent atoms, a 
equivalents. The dashes are used to separate what hw 
called the central, the dominam, or the typical atom fron 
which it thud unites into one molecular whole, and H 
the same time lo point out the parts of the symbol to 
its affinities are directed. Commas are used to separs 
subordinate atoms so united. It will be further notice 
in each case the quanlivalence of the dominant atom is 
to the sum of riie qu a nti valences of the subordinale ate 
idicalii, on either side ; and the peculiarity in each case o 
hlely in ihe relations of the parts of the molecule whi 
attempt to indicate by the symbol. The three comf 
lydrochloric acid, water, and ammonia, 

k-ci, h,A-b, H,h,H-^, 

sBwhera Ihrongh the bonk, wb nso the Bymbol R 
iniYBleaE, R Tor nny bivuleni, nnd R for any trivalent tiom or nidicsli 
to avoid unnecessarj- repetition, wb thnll Tor the fnture confbnl 
il lUBge, nnii ipoak of the afima of tt mdicnl u wall at of tjia 
Tic, and Qso the word " itom " as sppljini; to both, allhough tt 
Vifreqnentlv inVDlvBq nn abvions pnlcclsm. 
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generally taken as repreaentativea of these fypps. and siib- 
ices are dcBcribed as belon^ng to the type of hydracblo- 
aeid, to the type of water, or io the type of ammonia, as 
case may be. These substances, however, are regarded as 
es in no other sense than that their molecules present the 
ine mode of grouping which is indicated above hy the more 
serai symbols. Suhslanoes belonging to the same type may 
widely different properties. To the type of water be- 
i|g the strongest alkahes and the most eorro^'ive acids known. 
what, then, it may be asked, does the type outwardly. con- 
dor in what is it manifested? for the gronping of the atoms 
only be a matter of inference. The answer is, that the 
I of the molecules of a substance is manifested solely by 
f diemical reactions. Substances belonging to the same type 
terimply those whose relictions may be classed togetjjer ac- 
■dbg to some one general plan. Thus water, alcohol, and 
itic add are classed in the same type, because, wlien submit- 
I to the action of the same or similar reagents, they undergo 
Mlo transformation, which seems to point to a similarity of 
ic grouping. 



[ C„ff,'0 4- I'Ol,= PCI,0 4- ff-a -\- CffrC! [341 

; o,ff^O'-o 4- poi, = pcko + -«"-«+ CM.o-a.' 

iatle Acid. AmVI Chlorfflo. 

On stndying tliese reactions, it will be seen that both the man- 

irin which the three compounds breiik up, and the probable 

DMitution of the products formed, point to the conclusion, that, 

eafih, one hiralent atom holds together two univalent atoms 

"radicals. It will be found, in the first place, that in all three 

the reaction consists primarily in the substitution of two 

! of chlorine for one of oxygen in the original molecule. 

vill appear, in the next place, that as soon as this dominant 

m, which holds together the parts of the molecule, is taken 

■y, each of the three molecules sphts up into two others of a 

l^ar type ; and Initly, it is evident from the third example 

(me of the oxygen atoms of acetic acid stands in a very 

relation to the molecule from the other. All this 
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pointa to the inference just made. At lea^t, these 
number of similar rtukctions are best explained on thi^ hi 
esis, and herein its onlj value lies and its probability 
In eection 27 we have already given the symbols of a niiDik' 
of chemical compounds so printed that they can be at unn re- 
ferred to one or the other of the three types here alluded ici 
and it will not, therefore, be necessary to multiply examples it 
this place. 

30. Condensed Types, — In the same way that a bivaleol 
atom may bind together two univalent atoms or their eiiui* 
lents, so, also, it may serve to bind together two mo/eeuUi, wii, 
in like manner, a trivalent atom may bind together three nwfc 
cities into a more complex molecular group ; anil tlitii m 
formed what are called condensed types. We may repnseiS 

a double molecule of the type of water thus. ^j=^j=A. bul 
it must be borne in mind that such a symbol standii for tnu 
molecules, since, by the very definition, two molecules of ibt 
same kind cannot chemically combine. We can, however, 
Bolder them, as it were, into one molecular whole by subitttalin^ 

for the two univalent atoms, i?j a single bivalent atom il- 
when we obtain a mod» of molecular grouping represenled br 

A'A'S, [3.r 

which may be called the type of water dotibly condenised. 'Ihe 
constitution of common sulphuric acid is best repreaenied ailtf 
this type by the symbol, — 



H^'-O^-SO-i. 



m 



The soldering atom is here the bivalent radical SO3. In like 
manner, by using a trivalent atom, we can solder togeilisr 
three molecules of the same water-type, as in the general 
symbol, — 

which represents the type of water trebly condensed. In iIn. 
same way we may derive the symbol, — 
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vhich represents the type of ammonia doubly condensed. The 
mbstance urea, one of the most important ol' the animal secre- 
tions, is beat represented by a symbol aiier this last typcj — 



H^ H.^NrCO 



[39] 



vliere the soldering atom is the bivalent radical carbonyl. 
] Chemists have also been led to admit the existence of what 
e called mixed types, which are formed by the union of mole- 
biles tif different types soldered together by a single multiva- 
ait atom or radical as before. Thus, the molecules of sul- 
3 acid may be regarded as formed of a molecule of water 
bldered to a molecule of hydrogen by an atom of sulphurjl, 
; thus, H-O-R and H-B, united by SOj give 



H-O-SO.'H. 



[40] 



1 So, also, the composition of a complex organic compound 
d snlphamide, or suijihamic acid, is most simply expressed 
a regarded as formed by the union of water and ammonia 

|i)ldered together by the same radical sulphuryl ; thus, from 



V 



T, H-N-H, and II-0-Hyie have B, B-N'SO^-OB. [41] 

Lastly, if we bind together on the same principle molecules 
the type of hydrochloric acid, we shall simply repi-oduce 

le t3^3 of water and of ammonia, thus showing that all the 
only condensed forma of the simplesL We must not, 

lerefore, attach to the idea of a chemical type any deeper sig- 
nificance than that indit^ated above. It is simply a conven- 
ient mode of claflsifying certain groups of chemical i 
and a help in representing them to the mind ; and 
regard the same substance ag formed on one type o 
other, a* will best help as to explain (he reactions we are study- 
ing. Moreorer,it is frequently convenient to assume other types 
besides those here specially mentioned. 

31. Sa&slitution. — When cotton-wool is dipped in strong 
nitric acid (rendered still more active by being mixed with 
twice its volume of concentrated sulphuric acid), and after- 
wards washed and dried, it is rendered highly explosive, and. 






although BO important change has taken place in its outwnd 
aspect, it is found on anaJjsis to have lost a certain amoODttf 
hydrogen am] to have gained from the nitric add an eqnivalail 
amoont of nitric peroxide ifOi in it£ place. 

<y,(ifm)0, becomes C^ff,(N'0^)^)0^ 



Under the same conditions glycerine nndergoes a like el 
and is converted into the explosive niiro-glycerine, — 

C,(H,)0, becomes C^ff,(NO^^)Ot. 



So, also, the hydrocarbon naphtha, called benzole, ia changed 
into niiro-benzole, — 

C B^ becomes QiB^O^. 



The last oMnpound is not explosive, and the explosive wtitK 
of the first two is in a measure an accidental quality, and h 
evidently owing to the fact that into nn already complex atrwr 
ture ihere have been inirodiiced. in place of the indivisible atoma 
of h3'drogen, the atoms of a highly unstable radical rich inozyi 
gen. The point of chief interest for our chemical theory is tbt 
this subatitnlion does Dot alter, at ieast profoundly, the outwnd 
aspect of the original compound. Every one knows how clos^. 
gun-cotlon resembles coiion-wool. In like manner nitro-glyw^ 
ine )B an oily liquid like jrljcerine, and nitro-benzole, altboDg^ 
darker in color, is a highly aromatic volatile fluid like bemsola 
ik«lf. Products like these are called tubstituiion prodttcti,ma^ 
they certainly suggest the idea that each chemical compoinii 
has a certain definite structure, which may be preserved eroi 
when the materials of which it is built are in part at kut 
changed. If in the place of firm iron girders we insert weak 
Wooden beams, a building, while retaining all its outward a» 
pecta, may be rendered wholly insecure, and so the explosivs 
nature of the products we have been considering is not at all 
incorapalible wilh a close resemblance, in outward a.«pects aitd 
internal structure, to the compounds from which they wers 
derived. 

The idea that each body has a definite atomic structure is 
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^Kren more forcibly suggested by another class of substitution 
^feoduOs first Btuilied by Dumits, in wbich atoms of chlorine, 
^Komine, or iodine have taken the place of the hydrogen atoms 
^H the original compound. Thus, if we act upon acetic acid 
^■ritii chlorine gas, we may obtain three successive products, aa 
^Bown in (he following Cahle, although only the first and the 
B^t have been fully investigated. 

H Acetic acid CJIfi^ or (C,E,b)-0-H 

H Chlorscetio acid C, {11^0)0, " iC,H,ClO)-0'H 

M DicHoracetie acid C, (JJ^Ct^jO, " (C,HC!,6yO-R 

H Trichloracetic acid C,(HCI^O, " {C^ClJ)yO-H 

H We cannot, however, replace the fourth atom of hydrogen 
H^ chlorine ; and this fiict seems to prove that there is a real 
^HSerence between this atom of hydrogen and the other three, 
^Kd gives an additional ground for the distinction we make 
^Hien we write the symbol of acetic acid after the type of water, 
^B in the second column. The three atoms of hydrogen m the 
^Kdical placed on the left-hand side of the dominant atom may 
^P be replaced by chlorine, hut the single atom of hydrogen 
^Baced on the right cannot. Tiiese products all resemble 
^HKtic acid in that tliey fona with the alkalies crystalline 
^■tlts, when the fourth atom of hydrogen is replaced by an 
Hitom of sodium or potassium, as the case may be. 

It was the study of these and similar substitution products 
which first led to the conception of chemical types, and the 
word as first used was intended to convey the idea of a definite 
Rlructure, although perhaps aa yet unknown ; but as the theory 
was extendbd more and more, and to widely different chemical 
compounds, it was found that the first definite conception could 
not be maintained, and the idea gradually assumed ihe shape we 
have given it iu the last section. Still, the facts from which 
the original conception was drawn remain, and tiicy point no 
less clearly now tjian they did before to the existence of a def- 
inite structure in all chemical compounds as tlie legitimate ob- 
ject of chemical investigation. 



32, hnmorpkism. — Closely associated with the facts of the 

last seclion, which find their chief manifest&tion in Eubslaocra 

of organic origin, are the phenomena of isomorphism, whick 

are equally conspicuous amoog arliHciBl Raits and native inin- 

r\f:. I erals. There seems to be an intiniRle 

I connection between chemical compositioa 

1 ^ind cryslalliuc form, and two aubatanow 

Ijich under a like form have an aiiitl- 

I ogou3 composition are said to be isoaior- 

phous. Tliua the following oiiDerals iH 

I crjBtallize in rhombohedrons (Fig. 1,) 

which have very nearly the same inleN 

I facial angles, and, as the symbols f 




ibey have a 


n analogous compoaiiion. 1 


hey are tberel 


isomorplious. 






Culcite or 


calcic carbonate 


c»o..<a 


Mjigneaite 


or magncac carbonate 


Mg^Oi^CO 


Cbalybdlt 


e or ferrous " 


Kljo 


Diallogite 


or manganouB " 


Mn^%=CO 




e or zincic 


Zr^O^^CO 



Tlie moat cursory examination of these symbols will show 
that they differ from each other only in the fact that one n 
tallic atom has been replaced by another. It is not, howeveTf 
every metallic atom which can thus be put in without altering 
the form. This is a peculiarity that is confined to csrtHI 
groups of elements, which for this reason are called groups Bl 
isotnorphouH elements. Moreover, as a rule, there is a close r* 
semblance between the members of any one of these groups tl 
all their other chemical relations. These, facta, like thoset^tb 
last section, tend lo fhow that the molecules of every subslaaot 
have a determinate structure, which admits of n limited subsft 
LutioD of parts without undergoing essential change, but win 
IB either destroyed or takes a new shape when in place of 
of its constituents we force in an unconformable elemenL 
well-known class of artificial salts, called the aliima, aSbrds nW 
a more striking illustratioo of the principles of isomorptM 
than the simpler example we have chosen ; but all the bearju 
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of the subject cannot be understood without a knowledge of 
jryBtallography, and we must therefore refer for further details 
D works on minerulogy. • 

33. Sational Si/mhols. — Chemical formulae, like those of 
he last few aeetions, which endeavor, by grouping together the 
Elementary gymbols, to illustrate certain classes of reactions, 
nd [o illustrate the manny in which a complex molecule may 
reak up, are called rational iymhaU, and are to he distinguished 
om the simpler symhola used earlier in the hook, which ex- 
resa only the relative proportions in which the elements are 
ombined, and which, since they are simply expressions of the 
■esulls of analysis on a concerted plan, are radled empirical 
<jfmboh. Whether these rational symbols can he i-egarded in 
my sense aa indicating the actual grouping of the material 
i is very doubtful, although facta hke those slated above 
Trould seem to mdicate that such may be the case, at least to a 
~ nited extent. It is difficult, for example, to resist the con- 
ilusion that in alcohol and il9 congeners the atoms C.^ are 
tuped together in some sense apart from ttie rest of the 
(ioiecule ; but then we have no evidence of this grouping apart 
yea the reactions of these compounds, and, until greater ccp- 
inty is reached, it is not best to attach a significance to our 
mbols beyond the truths they are known to illustrate. 

"is objected to the use of rational symbols that they bias 

B judgment on the side of some theory, of which they are 

n« or less the exponents. But when they are used in the 

use stated above, this objection has no fijrce, for the reactions 

y prefigure are no less facts than the definite proportions they 

Mivenlionally represent, and we employ one mode of grouping 

le symbols or another, as will best indicate the reactions we 

pe studying. Mnreover, as science advances, we have every 

Jason to believe that we shall gain more and more knowledge 

f the actual relations between the parts of a material molecule, 

\ has already been intimated, there can hardly be a 

oubt that in some eases our rational symbols do express even 

lOw actual knowledge of this sort, however crude and partial 

I may be. Our present typical symbols are indeed the ex- 

iressions of partial generalizaliouB, which, however imperfect, 

1 element of truth. Hence it is that they have pointed 

r lines of investigation, have led to new discoveries, and 



have been of the greatest value to Ecience. They will donbf- 
lesB Boon be soperseded bj other rational syrabols, espreasiw 
other partial generalizations, to servu the same purpose ii 
turn and be likewiae forgotten. We muat not, howevt 
episo these tumpowiry expedieuta of science. They are m 
useful, but uecsjsary, and eaunot mislead the student if 
membera that all such aids are merely the scafiblJiu^ » 
the science, on which the builders woi-k. It is from this pwi 
of view alonu that we are to look at the whole idea of uhm 
cal atotns, which lies at the basis of our modem chemid 
philosophy. That this idea 1^ actually realized ia 
form which it takes in some minds, can hardly be belJBva 
The true chemical idea of (he atom is more nearly r 
by the corresponding Latin word indimduum. The atom i 
the chemical individual, the unit, in which the mind seeka I 
repose for the time the individuahty of that as yet undividfl 
substance we call an element. 
^ S4. Graphic Symbols. — A more graphic method of repiq 
eenting the relations between the atoms of a molecule t 
that of our ordinary rational symbols hag been contrived b 
Kekule, and has a similar value in aiding the conception^ ai 
ihua facilitating the study of chemistry. In describing It 
system we shall speak of tlie possibilities of combinatioiu ( 
any polyad atom with munad atoms as so many centres of A 
traction or points of attachment, imd, also, as so many affinitle 
K^kuM represents a monad atom, with its single centre, thua,(- 
while the symbols C^~^ , (■ ■ ■) , (• ■ ■ Q , &c, repr 
polyad atoms of different atomicities. When the several a 
ties are satislied, the points are exchanged for lines ptuntit 
in the direction of the attached atoms. Thus, the symbol >U 
represents a dyad atom with its two aSinities satisfied by t« 
monad atoms, as, for example, in a molecule of water ff-Q- 

In like manner the symbol f ! i I i Vi i i i n 
sents a molecule of nitric anhydride 2/^0^ and the symt 
C| 'aJIKl S a molecule of sulphuric anhydride SOg. 
Gules like these, in which all the affinities are satiafied, sro 
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saturated or closed, wliile the atomic group NO-i, represenied 
U— ^^^— iJ--. has one point of attraction still open, and, 
moaad radicaL 



Beret'ore, acts 

)up SO3 represented 



So, also, the molecular 
--, , acts as a dyad radi- 



l These graphic symbols enable us to illustrate Bcveral impor- 
it principles which could not readily be understood without 
ir aid. 

B*irst. In the examples given in this section thus Tar, the 
mtivalence of a gioup of stoma of the same element is 

^ual U> the sum of the quauti valences of all the aionis of the 

p. Thus, in ihe molecule .N^Oi, tiie group of two pentad 

a preHents ten atQuities, and is Baturaied by the group of 

e dyad atoms, which presents the same number of atEnities 

I recurn. So, also, in the molecule SO3, a group of three 
^ad atoms just saturates the single hexad atom S, Such, how- 

8 not necessarily the case, for it frequently happens thai 
Be similar atoms of such groups are united among them- 
oivas, and that a portion of the af&nities (necessarily nlnayB 
1 number) are thus satisfied. For example, although 
p' is a tetrad atom, the hydrocarbons, C.,Ss, O^H^, and CJI^ are 

II ealurated molecules, aa is shown by the following graphic 
Bymbols, 



c,«, cia, qiA 

and it is evident that in the first the two carbon atoms have 

been united by two, in the second by four, and in the third by 

eix, of their eight affiniiit 3, while a corresponding number of 

F -points to which hydrogen aloms might otherwise have been al- 

\ tacbed are thus closed. 

In like manner we have a well-known series of hydrocar- 
1' trans, whose symbols* are 

0H^, CJI^ Cjffj, CJI^^ Ci^ij, CJI^„ &C., 

pie molecule of each one diflering from that of the last by the 
nap CHi- In all these compounds the carbon atoms are 
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members of the two classes of hvdrncarbnn m/iiru.in 
led above are ihe »?haracteri«tic rionstitiiftnr.-i rt' m m- 
class of cczipf^anils calle<l alcohol-, anii :i»-nrrr "hfrv tr^ 
calleti al*:Ghol nuiicaLs. Ill in tiiesf .'itomic: irMiri*. vi- 
ite oxygen tor a portion of the \xy\Tr\f^'.T\. tt-A-. lU rr. .; 
I alwavi r.fckin:! tlie phu^e of rwo .'Uom.- if i"*:;' r'-r.. /•- 
still oiher =erir:s of radifaL-. wiiicii irr^ •l.^- :.'at'..'. -r- • 
aents of several imporrant '>r:r:inir w:'i-. i-'. : ^- . . ' 
ftss of acid radi(?aLs. which, will -if; :»:!;:.*-: . - - 

r. Among' the moat important 'it 'iit: :j ^. - -< --■ 

those of the tbllowinir "-erifti : — 



?H0 C,R,,0 CH-O '.^7 

AcctyL Pmpii.nTl. .:-.: • 



^ stadenc shouLl ^lonstruct 'lift xrru,:.-/- - '.'..v • --* 

fr compoands of «:ar?>on !iav.- i*-rr. *': ' 

■parent chaniire of atomic: :. 7 v ../ ;. . -- . - - 

Me groapiu;j to«5'itl»ir of ir.'i-Js.r - .'-■>' .- .. - 
La peculiarly -siiHrf^pribii* if ■.*■:. i .- ■ • 
I. &ct the almofit inrinifi? 'irr-r. . . . ■ 

to thu cininmsranc". T^.-r 'j:. - 
■ented. althou-jh *.«> 1 e- ^ .-.^i.-v.-r' . - =- 
— ThiL"- ariaes '\i*: r-rrti-.r:^.. ir >£-. *-. 

of a bivalent tiirmfrr.r .;«« ..■ ■ ..- - . 
-"•"altrnce .ih a iin'iir; *:. rr*. r • - ^- . 
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itnii«d among themselTcs al lite smsKest posable 
poino, as b shown, in » angle case, bj the foUowing 
spabol. 



CtUa 

and by constracting the graphic symbols of the other 
ol' tlie series, it vill be easily Been that the number of i 
thus doied is in every case equal lo "2 ii — 2, while the 
remaining open Li 4 n — (2 n — 2) ^ 2 ti -|- 2, ii 
elands for the number of carbon atoms in the molecule, 
while the groups jut^l mentioned form saturated molecule^ Ibtt 
atomic groups 

CB, CM, CM, CJt, CJTa&Xi^ 

llcai)\, ilhi\. FiapjL BnljL Amyk 

act as tmivalent radicals. The graphic symbol of elhyl 
h ' Vin iVi I I T ""^ '" * similar way the graphic Eymbob 
the other radicals may be easily constructed. In like manni 
may be also constructed the graphic symbols of the folli 
important compound radicals, which forms a series paralUl 
the first, and are ail evidently dyads : — 



Here again the graphic symbols enable us to explain a remaij 
sble fact. These last atomic groups act not only as com 
radical!!, but also form the molecules of de^ite bydn>cfuto 
(the first in the series being the wcil-known oleliant gas), i 
the difference in ihe^e two condi(ions may be represented \ 
the eye, ia the case of amylene, for example, as below : — 




n)ilrni:arl»ii r\R^ 

The molecule in the first case is open, and presents two pou 
of uttraelion, while in the second case it is closed. 



OHEUICAL TYPES. 73 

The members of the two classes of hydi-ocarbon radicals 
mentioned above are the characteriiitic constituents of ao im- 
portnnt class of compounds called alcohols, and hence they are 
usually' called alcohol radicals. If, in these atomic groups, we 
substitute oxygen for a portion of the hydrogen, one atom of 
oxygen always taking the place of two atoms of hydrogen, we 
obtain still other series of radicals, which are the characteristic 
constituents of sevei^ important twganic acids, and belong to 
ihe class of acid radicals, which will be defined in the next 
chapter. Among the most important of the radicals thus de- 
rived are those of the following series: — 

CHO G^HgO C,R^O C^,0 CAO 

FormfL AceLjL PropiouyL Bul/ryl- V4le^y^ 

and the sttident should construct the graphic symbol of each. 

The compounds of carbon have been selected to illustrate 
the apparent change of atomicity which frequently act'orapa- 
nies the grouping together of similar atoms, because this ele- 
ment is peculiarly susceptibly of such a mode of combination, 
and in fact the almost infinite variety of its compounds may be 
traced to this circomstance. The same phenomenon, however, 
is presented, although ta a less marked degree, by other ele- 
ments. Tbns arises the remarkable fact that a group 'of two 
atoms of a bivalent element has not unfrequenlly only the same 
quantivalence as a single atom. For example, there are two 
compounds of mercury and chlorine Hy^ Cl^ represented graphi- 
cally by UyJ^ fntl i^g-^'Ck represented by p^^. So also 
we have Ca=0 aad [Gk^ -O3. We also frequently meet with 
another iltustraiiuD of the same principle in an important class 
of tetrad elements whose atoms readily pair together, forming 
an atomic group which is sextivalenL Thus are formed the 
well-known c 



When these same elements entei'into combination by single 
atoms, they are almost invariably bivalent, and thus we have, 
in several cases, two very distinct classes of compounds, Ihe 
one formed with the single and the other with the double alom 
of tbo element ; for example. 
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Fe-C/,^dlFe,-]iCl, 



Fe-0 and [ii'e,]!0. 
It will be noticed that although ia the compounds of Q 
second class the quantivaleace of the single atoms h twice k 1 
great as it is in the first, yet their atom-Szing power is oalj I 
increased by one half, and hence the name of sesqui-oiiia 
or Kjyat-chlorides, &c, which is frequently applied to ihom. 

In order to distinguish the groups of similar alomi wtwa 1 
afBnities are all opeD, from those groups where the ailinitits an 
in part closed by the union of the atoms among themselves w 
may, as above, enclose the symbols of the last in brackets ; Uin 
this rule will generally be followed. In most cases, hower«. 
the relations of the parts of the sytulwl are sufficiently evident ] 
without this aid. 

Secondly. The graphic symbols illustrate another imporiaiu 1 
theoreiieal principle, which, although almost self-evident, m^bi ' 
be overlooked if not dwelt upon specially ; uamt-ly, i 
on the multivalence of one or more of its atoms depends th^ 
integrity of eveVy complex molecule. According to our pres- 
ent theories, no molecule can exj^t as an integral unit unless its 
parts are all bound together by such atomic clamps. Hare- 
over, the whole viitue of a compound radical consists in tbr 
circumstaace that it is an incomplete structure of the same sort, 
and its quantivalence is in every case equal to the number oi 
univalent atoms (or their cquivaleuts) which are required \c! 
complete it, or which it may be regarded as having lost 
Hence the law of Wurtz finds a perfect expression iiwlhis sys- 
tem of graphic notation. 

Thirdly. Tiie graphic symbols illustrate most forcibly iLfi . 
relations of the parts of a complex molecule. Thus, for V 
ample, the symbols of alcohol and acetic acid given below a' 
rj — f\ that ID these compounds the dominant 
""YTJ atom of oxygen acts as a bond uniting 
a complex radical to a single monad 
atom. They also show how it is 
possible that three of the atoms of 
hydrogen in acetic acid may stand in 
a very different relation to the mole* 
Oule from the fourth (31). Again 
Ihey show that the molecule of acetic 
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^kt tbat one AjnA atom has taken the place of (no monad 
^Bpms; and, lastly, the^ give form to the idea of cbemical 
^K>ee, so far as it ha^ any real eignificancc. When the com- 
^Kiition of a compound is represented in this way, all the 
^Btidental or arbitrary divisions of our ordinary notation dis- 
^H)ear, and only those are preaerred which are fundamental. 
^ve gain thus more accurate conceptions of molcculur struc- 
^H«. We understand better the relations of the various com- 
^Bund radicals (compare § 28), and, above all, we thus realize 
fl^ full meaning of the fundamental tenet of our new philoso- 
H^, which holds that each chemical molecule is a completed 
Bructure bound together in all its pans by a sjstfem of mutual 
^Wraction^. 

B There is another pjstem of gi'aphic symbols, frequently used 
^B. works on modern chemistry, which has some advantages 
^wer the one just described. In this system the atoms are 
^■^resented by small circles circumscribing the ordinary sym- 
^n, end the atomicity is indicated by dfishes radiating from 
^Mse circles. A few examples will sufficiently illustrate the 
^Kilioatioa of this method. 

■ ® ® ® ® 

fe-®-® ®-©-©-®-® ®-©-©-®-® 

m ^"o-^ ® @ ® 

B It is obvious, however, that the circles here used are not es- 
^nitial, and if we omit them, aud only use dashes between the 
^ftminant atoms, and also, for convenience in printing, bring the 
B^le expression into a linear form, using commas to separate 
Heconnected atoms, and such other signs as may be necessary to 
B^oid ambiguity, we have at once the ordinary system of nola- 
^bm adopted in this book. The graphic symbols last described 
^be merely an expansion of this system. Nevertheless, the prac- 
Kee of developinji the ordinary Hymbols into either of the more 
Kraphic forms will tend to impress the full meaning of the 
B^mbols on the mind of the student, and will thus greatly aid 

him in acquiring a clear conception of the theory of modem 

chemistry. 



76 CHEMIOAt TtTES. 

We may, however, exiend the use of dashes so 
the relations of all iIib parts of a complex molecule by oi 
dinary nolaiion. Thus we may write llie symbol of aleiM'l 

or that of acetic adi 

(lc-cr\iB-^0)-o-B, 

and these expanded symbols may frequently be used to M 
vantage in place of the graphic forma. When thus dCTelcQ 
the symbol indicates the quantivalence of each of the a 
the molecule, and in every case, if the symbol i 
written, the "number of dashes will be one half of the lo 
quantivalence of all the atoms which are thus grouped t< 
for each dash evidently represents two affinities. 

The remarks at the close of the last section apply, of tx 
Btill more forcibly to such bold and material conceptiDin ■ 
these graphic symbols appear to represent* and when weit 
call the hooked atams of an elder philosophy, we cannottl 
smile to think how closely our modern science haa r 
what we once considered as strange and grotesque fancies. '. 
absurd as such conceptions certainly would be, IP'-we euppo 
them realized in the concrete forms which our diagrams a 
body, yet, when regarded as aids to the attainment of e 
truths, which in their essence are still inuomprehensible, V 
these crude and mechanical ideals have the very greatest Vi 
and cannot well be dispensed with in the study of science. 

Questioni and Problems. 

1. To what typra may the followiug symbols be referred, i . 

is the qnanlj vale nee of the different compound r.iditals here d 
guished ? Study with the same view the symbols ah-eady gJT« 
the previous chapter. 



JI.B,(C,fr,),lf H, HAC,H,0)--ir 
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_ ,. H, H-N-{ O^R, OyO-H B, H-N-{ C^ 0,)- OH 

Glycocol. Ozamic Acid. 

-■ E, ( C,H,0)-N-{CAO)-0-H H, ff'N-(G,0,)-0-(0,ff,) 

" » Hlppuric Acid. Ozamethane. 

2. Analyze the following reactions, and show that by comparing 
the reactions in each group, the typical structure of the various 
compounds may be inferred. 

a- a + nil = ' nci + na 

^' Chlorine gas. Hydrogen gas. Hydrochloric Acid. Hydrochloric Acid. 

Cl-Cl + {CjH.OyH = (GjH.OyCl + HGl 

Oil of Bitter Almonds. Benzoyl Chloride. 



H'Cl + K-O-H = KCl + H-O-H 

Potassic Hydrate. Fotassic Chloride. Water. 

H-Cl + {C^H,)-0-H = {C^H.yCl + H-O-H 

Alcohol. Ethylic Chloride. 



H, H-S +. PWk = PiOli, S + HCl + HOI 

Svlphohydric Acid. Phosphoric Chloride. 

£r. r Cjfi-g oys + Pw ck z=p\gi^s-\-{ g,e, oy oi + na 

Thiacetlc Acid. Acetyl Chloride. 



KfO^-Hc, + (CO), mN = K^-Oi-{CO) + H. H, HN 

Potassic Hydrate. Cyanic Acid. Fotassic Carbonate. Ammonia.^ 

Ki' o-iH^ + ( c 0), ( CAyN== Kf o,=( CO) +H,ff,( as.yif 

Cyanic Ether. Ethylamine. 

3. What would be the symbols of cyanic acid and cyanic ether (see 
last problem), on the supposition that they contain the radical (cyan- 
ogen, and are formed after the water type il Is the following reaction 
compatible with that last given ? ^ *w^ 

K=0=H+ {0,H,)-0-{ON) = {C^H,yO-H^ K-0-{GN)} 

Cyanetholine. Alcohol. Fotassic Cyanate. 

and if not, what conclusion must you draw in regard to the two 
compounds cyanic ether and cyanetholine ? 

4. What bearing have the phenomena of substitution on the doc- 
trine of chemical types ? Does the circumstance that the proper- 

1 This projiuct in the actual process is decomposed by the excess of potash 
into potassic carbonate and ammonia. 
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ties of the substitation products are frequently quite different £ 
those of the original subetance invalidatB the doctrine ? 

5. IIov does the action of chloriae on acetic acid indicate I 
thia compound b fashioned after a determinate tvpe V On i 
particular fact does this evidence chiefly rest ? 

6. What bearing have the phenomena of iBomorphiani on Ihei 
trine of types V Enforce the argument by some larailiar tllni 
tion. J 

7. The radical allyl C,ff, ia univalent in oil of garlic (C^^ 
and in allylic alcohol (_C,IT^)-0-H, but ftrivnlunt in glyoM 
CC^,)s0j5H,. Moreover, this racUcal when set free doubles, fonu 
a volatile hydrocarbon oil, which has the caraposition (C,ff,)^(l£ 
and which combines directly with bromine, the resulting product^ 
ing the symbol {C,H,y(C^H^iBr^. Represent these symbols lyll 
graphic method, and thus explain the diflerent relations of t) 

8. Represent the symbols of phenic acid and benzoic acid by Ih 
second graphic method, and explain why the radical phenyl (Cl^ 
and benzoyl (C,/7,0) are only univalent. , 

9. Why is it that the addition of the atoms CH^ does not ebmi 
the ftlamicity of a radical ? 

10. Whatia thequantivilenee of .illin the symbol £Al-AI^CI^\ 
Is there any difference in the quantivalence of Fe in the two O 
pminda Fe^OfCO and [Fe-Fe]iOJSO, f Answer the questiong 
the aid of gra[ihic symbols, 

^^ 11. Is there any difference in the quantivalence of nitrogen 
potasaic nitrite K-O-NO and potassic nitrate K-O-NO, f 

12. Represent by graphic symbols the difference between 
ether and cyanetholine (see problems 2 and 3 above). 

13. The symbol [flJ7,]CT, represents a single molecule, ■ 
NiltCk represt'nCa two molecules, and would be more properlj W 
ten 2NaCi What is the difference in the two cases ? 

14. Represent by the graphic method the symbols of potasaioc 
>. bonate AVOr(CO) and potassic oxalate A'-0=(CstS), and d 

that both ibrm a perfect molecular unit. 
16. Represent by the graphic method the following eymboLi ; 
HfOi{GiIf,) (Propyl Glycol.) ; 
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H^-02-{G^H^0^ (Malonic Acid) ; 
^2= 02=( Gz O3) (Unknown), 

and thus show that they are formed afler the same type. 

16. What is the atom-fixing power or quantivalence of the ele- 
ments and radicals, which appear in the various symbols given in 
this chapter ? Develop these symbols, and show that they repre- 
sent in each case a single perfect molecule. 

N. B. The student should practice developing the ordinary mole- 
cular symbols into the graphic forms described above, until he is per- 
fectly familiar with the method, and has acquired a clear conception 
of the different types of molecular structure. 



CHAPTER IX.» 



BASES, ACIDS, AND 

35. ITydrates, All-alies, Jiases. — It is not unfreqnentlji 
ease tliat the teclinical terms of a science remain 
after ihey have lost their original meaning. This 
true of tliose which we have placed at the bead of thi 
They have, with the exception of the first, come dovn 
from the period of alchemy, and are still retained in Ih 
guage of trade and in many works on practical science, } 
peculiar meaning which they have acquii-ed during thi 
hundred years under the teacliing of the dualistic 
Since they, in many cases at least, suggest erroQeous 
tions in regard to the constitution of chemical 
would he well if they could be discarded altogether ; 
this ia impracticable, we muet endeavor to give to the 
definite a meaning as possible. 

The term "hydrate" is applied (o a class of compounds' 
were ibrmerly supposed to contain water as such, but whii 
now believed to have no closer relation to water thnn i, 
cated hy the circumstance that they have the same : ■. ; 
may be formed from water by replacing one of iis lui i. 
atoms with some metal. Thus, hy acting on water Willi jmbir 
Bium, we obiain potassic hydrate j or, if we use sodium, we ob- 
tain Eodic hydrate. 

2H-0-H + K'K= 



2/f-O-H + 2f<i-Na^2 M-O-M 4- HH 

Wil.r. Sodium. Soillc HriliUc. bjinigci. Gu. 

Both of these hydrates, and also those of the very ran 
closely allied metab, lithium, ccesium, and rubidium, are vuj 



I In atndying this chapter the stnripiit should endeavor to 
namcg und symbols of tlie different componnda mentioned, 
liiivo been chiefly employed with the forms of the Eymbola, and Uiis^ 
of the metnory liaa not been expected. 






oduct of llie direct union of a metallic oxide and an atihy- 
ide. A neutral salt is, properly speaking, one in which all 
B hjdrogeu atoniB, whether of base or acid, have been re- 
Bced as just staled. A basic sale is one in which one or 
are of the hydrogen atoms of the ba-^e remain undistnrbed, 
id therefore still capable of replacement by add radicals. An 
id salt 13 one in whicli one or more of the hydrogen atom^ of 
e acid remain nndisliirbeil, and therefore capable of replace- 
ent by basic radicals. 

But, beaideB the basic and acid salts, which come under these 
eliDitions, thei'e are also others which can ho most simply de- 
Ded 89 consisting of several atoms of Ibe metallic oxide to one 
r anhydride, or of acTeral atoms of anhydride to one of the 
letallic oxide. 

As an example of acid salts of the second class we have, be- 
flea the two sodic sulphates mentioned on page 61, also a 
lird, which may be written jVajO, 2SO3. This is easily ob- 
ioed by simply heating the acid sulphate. 



If heated to a still higher temperature, one atom of the anhy- 
'ide is set Iree, and the salt falls buck into the neutral Bul- 



%ia reaction justifies the dualistic i'orm given to the symbol; 
It other relations of the bistilphate may he better expressed 
y the following typical formula, — 

2fa^'0f(S0,-0-S0.,) = Na,-0.fSO, + SO, 



it which a group of two aioma of 5*03, soldered together by 

e atom of oxygen, acts as a bivalent radical. 

As an example of a basic salt of the second class we have, 
b addition to the two plumbic acetates of the normal type, 

•0^'{C^,0\ and Fh--O.HCM^O), B 
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a salt of the metal < 
above. Thus, — 



! of the Bolnble hydrates i 



(ZnCl, 4- iK'O-HJf-Aq) = {Zn-QfR^ + ^KCl-\-A\ 

Utaai CWorido. Tm'sa B/4i«te. PoUuiilc ClUalta 

itrta CKlorlde. FenC HjdiU,!. Buic CUgililt 

The hydrates are regarded by some chemists as compot 
of the metal with the compound rndical hydi-oxyl, and I 
Bymbols are then written after a simpler type, thus, — 



Fe-{HO)^ 






2. — Clogely allied lo these metallic hydrates a 
very remarkable compound, formed by dissolvii 
gas, A'Z/3, in water. Altliough the product resembles, in ntai 
of its piiysieal relatioDE, a simple solution of gas in water,! 
the compouod in all its chemical relations acts like a meiali 
hydrate, 

JV^Z^, -t- MM = NHi-O-n 

which has led chemists lo write its symbol after the type 
water, and to assume the eiiBtence of a univalent 
radical NH,, to which h(H been given the name of ammonin 
Melallic Oxides or Basic Anhydridet. — Closely allied 
the metallic Ijydrates, in the relation we are now consideEtl 
are many of the simple eoniponnds of the raetala with axj^ 
which are called in general metallic oxides. Such coRij 



Cn-0 Bn-n Ph--0 



Fr-0 



Cnr-0 



may he regarded as formed from one or more molecules of wa) 
by replacing all the atoms of hydrogen with those of some mel 
and these oxides as well as the hydrates before mentioned 1 
frequentiy classed together under the common title of 
although it would be best to confine thi 
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f There is, however, another element, namely, sulphur, which 
I capable of filling the place occupied by oxygen in many 
r its compounds, and thus may be formed a distinct cla.'iB of 
3s which are called aulpLur salts. These compounds are 
learly so numerous t\3 the oxygen salts, and have not been 
k well studied, so that a few exiimplcs will be sufflcient to 
Ixistrate their general composition, and the relations which 
ley bear to the correapoiiding oxygen compounds. 

•j. Sulphur Salts. 

H-S-H 



KfO.'CO 



KfSfCS 



I 39. Test-Papers. — The soluble base^ and acids, when dis- 

water, cause a striking change of color in certain 

fcgelable dyes, and these characteriBtic reactions give to the 

lemist a ready means of distinguishing between these two 

fcpartaot classes of compounds. The two dyes chiefly used 

F this purpose ore turmeric and litmus, and strips of paper 

Uored with the dyes are employed in testing. Turmeric 

El", which is naturally yellow, ia turned brownish red by 

ses, while litmus paper, which is naturally blue, is turned 

Wtd by acids, and in both cases the natural color ia restored by 

r a compound of the opposite class. 

If to a solution of a titrong ba.'^e, like sodic hydrate, we add 
slowly and carefully a solution of a strong acid, like sulphuric, 
we shall at la»!t reach a condition in which the solution affects 
neither test-paper, and it is then said to be nevlral. On evap- 
orating thia solution we obtain a neutral salt, like sodic sulphate, 
and the presence in the solution of the shghtest excess of acid 
r base beyond the amount required to form this salt would 
_ |l8TB been made evident by the test-papers. In such cases, we 
y therefore use these test-papera to distinguish between acid, 
jfiic, and neutral salts, but only with great caution ; for we find 
as in acid-carbonala of soda, a strong base is asso- 
l with a week acid, the reaction is still basic, although 
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these same Lydrogen atoms are united as a rule U 
metallii; atom or negative radical, frequeaily, also, call<-<l 
above an acid radi«il. In most cases there is a vId 
which unites the two parts of the molecule ; ajid both it 
and in bases this vinculum consists usually of one or 
oxygen atoms, although in a large class of acids the hjdr() 
atoms are tinited directly to the radical without any such < 
nection. The acids of this class have by far the 
constitutioii ; and we will give examples of theise first, addi 
in each ease a reaction to illustrate the acid relations of 
compound. In studying these reactions, it must be borne 
mind that the evidence of acidity is in each ease to be found 
the fact tliat one or more of the hydrogen atoms of the Co 
(tound may be replaced by positive radicals or metallic atn 
This replacement may be obtained in one of four ways, — 
acting on the aciJ, either with the metal itself, or with a meta 
oxide, or with a metallic base, or with a metallic salt 

(2ffa + All) -\- NaNa = (2 Naa-\-Aq) -\- m-EI 

{^Ea-\-Aq) -\-_ZnO = (ZnCl, + B,0 -^ Ag) 

[« 
(n/Sr + A''0-fl"+ Ag) = (KBr -{- If,0-i-Aq) 



We will next give examples of more complex acids, in wl 
he two parts of the molecule are united by a vinculnm of o 



(mOfPO + HK-O-H 4- An) = (K,^0^^P0 + 3U,O4-. 

PhnQOioriD Add, FoUisic nydi>M. I\Ud FhoipluU. 

Such acids as these are called oxygen acids. Lite 
hydrates, they may be regarrled as compound.^ of hydi 
but with negative instead of positive radicals, thus: — 



HO-NO^ 



BASES, ACIDS, AND SALTS. 



')tPO. 



mode of writing the aymbola is not only frequently con- 
inient, but haa been of real value by bringing out unex- 
important relations. It does not, however, indicate 
ly fundamental difference of opinion in regard to the consti- 
i^on of tliese hydrates, and this at once appears when the 
'mbols are put into the graphic form. 

"When an acid, like acetic acid, contains but one atom of hy- 
■ogen, which is replaceable by a metalhc atom or a poaitive 

Jcal, it is called monobasic ; when, like sulphuric acid, it con- 
ins two such hydrogen atoms, it is called dibasic; when, like 
Losphoric acid, it contains three, it is tribaaic, &c. Moreover, 
le evidence of this difference of basicity is found in the fact 
at whereas a monobasic acid can only form one salt with a 
livalent radical, a bibasic acid can form two, and a triba^c 
ree. Thus, while we have only one sodic nitrate, there are 
ro sodic sulphates and three sodic phosphates. 



ff,N-a-Oj^SO^ 



JT^a-OfPO 



Na^O^PO 



There is, however, but one calcic sulphate, for, since the cal- 
om atoms are bivalent, a single one is sufficient to replace 
itli of the hydrogen aloma in the acid. 

37. Acid Anhydrides. — Besides the acids properly so called, 
I of which contain hydrogen, there is another class of com- 
>uDds which bear the same relation to the true acids which the 
metallic oxides bear to the true bases. To avoid confusion, com- 
pounds of this class have been distinguished as anhydrides} and 
they may be regarded as one or more molecules of water in 
which all the hydrt^en has been replaced by negative or acid 
radicals. As among the most important of these we may 
enumerato Sulphuric Anhydride SO^O or SO^, Nitric Anhy- 



I The positive radicals, of which the alcohols consist, twU a 

intermediate position between the strong basic radicals oa it 
one band, and tlie strong acid radicals on the other, and dh 
Baioe is true of the alcohols themselves, which hold a mISit 
place between the attoog basic and the. strong acid bjdma 

I This is indicated by the following reactions ; in what ivaf 'Ak 

I hit to the student to inquire. 

2M-0'C^S, + K'K= 2K-0-CA + 3-H 

41. Gli/cols. — The class of hydrales described in the tostwe- 

tioQ belong to the Giraple t^pe of water. Sat wc have also a cIm. 

I of analogous compounds belonging to the type of water (lonblj 

' condensed. If in the double molecule of water (H.f0.f3i) » 

replace one of the pairs of hydrogen atoms by either tf ihe 

L bivalent positive radicals, etljylene, propylene, butylene, i 

I we obtain a series of compound^ closely resembling tlie alca 

I hols, called glycols, and by substituting the related neg)^*i 

. radicals we obtain two series of acid hydrates, which stand t 

I the same relation lo the glycols that the fat acids bear Eo i 

I alcohols. These relations are shown in the following scheoi 

which, however, includes only the five first members of e" 

J of these three series of compounds. It should be noticed i 

this connection that each of the bivalent positive radicals yiell 

tu>o related negative radicals, while the univalent position » " 

cals of the last section yield only one such negative nidicd 

and moreover that the acids in the first series, altboogli d 

tomic, are only monobasic, while those in the second series \ 

both diatomic and bibasic (43). 



'vjifOiiTs -ffj= 0,/ c'.fl, m Oi^ C( «; Ob 
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SASES, ACIDS, AND SALTS. 

L Corresponding to these basic and acid hydrates we liave 

) been abb to obtain in several cases tha basic and acid 

lydrides, besides a very large number of compound ethers. 

l42. G^/cerinet and Sugars. — In the alcohols one hydrogen 

n from the original typical molecule (typical hydrogen) tb- 

^ina undisturbed. In the glycols there are two such hydro- 

I atoms, and hence these compounds are frequently called 

iatomic alcohols. Our common glycerine is a triatomic alco- 

^1, and may be regarded as formed from a molecule of nater 

"rebly condensed {JfyO^-ff,), by replacing one of the groups of 

lydrogen atoms with the trivalent radical glyceryl {CJl^. It 

jl probable that a large number of triatomic alcohols or glycer- 

's may hereafter be obtained, but only two are now known. 



Propylic Glycerine (i 
Amylic Glycerine 



glycerine) If^O^GsHp 



From the glycerines we may derive acids, anhydrides, and 
ropound ethers, bearing to each other the same relations aa 
i derived from the alcohols of a lower order, but only a 
V of the possible compounds which our theory would foresee 
e yet known. Lastly, it appears probable that our common 
! also constituted after the type of water greatly con- 
lensed, and are simply alcohols of a very high order of atom- 
'Kly. 

43. Atomicity and Bcaicity of an Acid. — By the otom- 
Im^J of a eotnponnd is meant the number of hydrogen atoms 
phidi it retains from the original typical molecule still unre- 
^aced, and the use of this lerm with reference to the basic 
fdrtUtt has been already abundantly illustrated in this chap- 
In the case of the acids a distinction must he made be- 
Jn atomicity and basicity, which is frequently important. 
The formula of every acid may be written on the type of one 
or more atoms of hydrochloric acid, as H^ i?', in which H^ stands 
for the replaceable atoms of hydrogen, and E° for all the rest 
of [he atoms of .the molecule, which may be regarded as formmg 
a radical with an atomicity equal to the number of replaceable 

hydrogen atoms. The symbols H-NO^ SrSO, BfPO^ are 
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ivritten on ibia principle. In each case, the acid is said 
have ihe atomicity of tlie radical. The l>asicity of the ac 
on the oilier hand, depends, not on the lotal number of replsi 
able hydrogen atom^, but on the nnniber which may 
replaced by metallic aioma or basic radicals. As a genei 
ruk, it ia true that the basici^ is the same as ttie atomid 
but this ia not always the case. Thus lactic acid ia 
but monobasic, and the same is true of the other acids 
ogoas with it (page 92). 



II,H(C,ff,0,) Na, H-{C^H^O^) M, {QH,O)-{C,H^0; 



Only one atom of hydrogen can be replaceil by a metal 
radical, but a second may be replaced by either a ne^tive 
an alcoholic radical, as in tlio lost three symbob, and 
Dating the atoms, thus difierenlly related to the molecular str 
ture, it is usual to call Ihe first basic and the other alcobi 
hydrogen. 

We might, in like manner, distinguish between the atomicity 
and the acidily of a base, but this distinction has not beea found 
as yet to be of prai'tical importance. 

44. Water of OryslalUzution. — Among the- moat striking char- 
acteristics of the doss of compounds we call suits is their aol- 
ubility in water and Iheir tendency on separating from it, 
in consequence of either tlie evaporation or the cooling of 
the fluid, to assume dclinile crystalline forms. These crys- 
tals, aa a general rule, are complex crystalline aggregates of 
molecules of the salt and molecules of water. The water is 
Leld in combination by a comparatively feeble force, and may 
be generally driven off by exposing the salt to the temperature 
of 100° C., when the crystals fall to powder. Sometimes it es- 
capes at the ordinary temperature of the nir, when the cj-ystals, 
as before, fall to powder and are said to effloresce. It ihua evi- 
dently appears that the water, although an essential part of the 
crystalline structure, i<j not inherent in the chemical moleeul 
and heuce the name Water of Crystalllaition. The prescnoe 




water of cryslaJiization in a salt in expressed by writing after 
e symbol of the salt, and separated from it by a period, the 
imber of molecules of water with which each salt molecule- 
associated. Thus we have 



FeSO,.7H.O 



Cijita 



NtttCO„\nff.,0 



The same salt, when crystallized, at different temperatures 
it unfrequently eomhinea with different amounts of waier of 
ystollizalion, the less amounts corresponding to (he higher 
mperatureii. Thus manganoiiB sulphate may be crystallized 
ith three diDerent amounts of water of crysiailization. We 



MnS0,.in^O when crystallized below 6° C. 
MnSO^.hHfi " " between 7° and 2<P. 

MnSOfiHfi " " between 20= and 30°. 

"The cryatalline forms of these three compounds are entirely 
fFerent from each other ; and this fact again corroborates the 
ew that the molecules of water, while a part of the cryBtalliiie 
ncture, are not a part of the chemical type of the salt. It 
II be well lo distinguish the molecular aggregate, which the 
ubola of this section represent, from the simpler chemical 
tiecules by a special term, and we propose lo call them crys- 
Une molecules. While, however, there is little room for 
Terence of opinion in regard to the relations in which the 
ilecnles of water stand to llie structure of most crystals, (here 
i cases where the condition is apparently far leas simple, and 
lere we find the water so firmly bound to the salt itself tliat 
seems lo form a part of its atomic structure. 



Questiot 



md Problems. 



1. Analyze reactions [42]. Show what is meant by a metallic 
hydrate, and define tie term alkali. Write the sirailar reactiona 
which may be obtained with lithium, calcium, and rubidium. Name 
in each case the chus of t-om])oun<lB to which the factors and pro- 
ducts belong. Also represent these reactions by graphic symbols. 
3. Analyze reactions [4^]. Stile the distinction between an 
—Slkaline earth and an alkali, and write the similar reactions which 
V be obtained with barium and strontiuoi. Name in each case 



the clafia of compounds to wliich the factors aod products bdong. 
Alao represent the reactioiiB by graphic symbols. 

3. Aaalyze reactions [44] and [45], and wHte the Einular Tear- 
^ons which may he obtained with either of the metxls, calciwn, 
atrontlum, barium, and toagnesiiun. What theory of the conBtitaDoii 
of the metallic hydrates do these reactions suggest '/ 

i. In what rtspects do the hydrates Ca^ 0,'//, and il/p= (1,^17, 
diifer from K-O-H and Nii-O-H? 

5. AoaljKe relictions [46], and show that the principal prmliieb 
must be regarded as hydrates. Name the class of compouudi xa 
which the other products and factors belong. 

6. Stale the third theory which is held in regard to the constitu- I 
tion of the hydrates, and write the symbols of the different hjdr»ief 
according to this ^'iew. Also bring these symbola into oomparijon 
with those of the same compounds written ^er the other two plate 
and show by means of graphic symbols how far these forms are arin- 
trary, and how far they represent fundamental differences. 

7. In what sense may the solution of ammonia gas in wati^r b« 
r^arded as an hydrate ? Write reactions [46], using ammonio hy- 
drate instead of the hydrates of sodium, potassium, and barinm. 

S. In what relation do the metallic oxides stand to the bjdraMJ 
Define the term base. 

S. Define the term sail, and illustrate your definition by e 

10. Define the terra acid. How does an acid differ from an 
tallic hydrate ? Is an acid necessarily an hydrate ? What tf 
classes of acids may be distinguished ? 

11. WhM is the distinction between an acid and a basic ra£eij 
How are they related to the two hydrc^n atoms of water ? 
Burning that there is no difference between these two atoma in 
original molecule of water, does not the replacement of one of 
atoma by a radical of either clasH alter the relations of the sacoi 
Is there not an analogy between these phenomena and those 
magnetism ? 

12. Analyze reactions [47 et seq.], Iind point out the evideitce-i 
acidity in each case. 

13. Analyze the following n 
K-O-H +fiF = KF +^0 
Ca-0,'H,-\-B,^0./CO i= Ca-0,=CO +2.3,0 
Ou-0.fS^-{-2BO-NO,= Gh-0^{NO.^«-\-2H,0 



BASES, ACIDS, AND SALTS, 



NaCl + K/Oj^SO, 



-. A'«,=O^SO, + 2II1S1. 



I Point out the difliirent acids and baaes. In what does the evidence 
ir acidity or basicity appear either in these or in reactions pre- 
y given ? Show in each caae how the replacemeat of the hy- 
n atoms is obtained, and illustrate the diiference between the 
gen atoms of an acid and those of a base. What two chisges 
f acids may be distinguished ? 

! Regarding the hydrates as compounds of bydroxyl, how can 
a defioe the acids and hasea of this tiass 'f 

IB. Represent the composition of nitrii', sulpliuric, and phosphoric 

d by graphic symbols, and show that the two modes of writing 

:r symboU embody essential!}' the same idea. 

, Hydrochlorit acid, acetic acid, nitric acid, hydriodio acid, hy- 

: acid, sulphuric acid, carbonic acid, and phosphoriu acid 

t basicity? Point out, in the various reactions girt'n in 

er, the evidence in each esse, and write the symbols of the 

Hnble sodic salts of the dilferent acids. 

, What class of compounds do the symbols SO,, iV,Oj, P^O,, 
'f, and Si(?j represent 'f By a comparison of symbols show how 
mpounds may be regarded as formed from water, and how 
they are related to the corresponding acids. To what class of com- 
poonds do they stand in direct antithesis ? 
_ 18. DeGne the terms ba^c and acid hydrate; basic an<l acid an- 
K l^ride, and compare reactions [49] with [44 and 45], 
B) IS. Analyze the reaction, BaO -\- SO, = BaO, SO,. 

^Pi^Ht reason may be urged for vrriting the symbol of bnric sulphate 
^Bb this way V What waa the theory of the dualistic system in 
^negard to such compounds ? Represent the symbol by the graphic 
^"nethod, and seek to determine whether the dualistic form is compat- 
ible with the theory of molecular unity. J 
20. The (bUowing symbols represent f ompounds of what class ? 
l-O-H; HfOfPO-.Fe^O^^H^', 2H-{H0)\ {PO^ji-O; 
^'0-Jf', Ca-'OrH^; C^H,'0-n;2Na-0-H; (C,ff,0)j^Oi 
'^m-, II-0-NO,iH/OfSO.,;{FirFe)W,;H-0'C.,ff„0: 
mi:K-0-NO,:{C,H;ifO;NafOiSO^;CA-0-CJl,0. 



BASES, ACmS, AND SALTS. 

Give in each case the name of the compoun J bo far as you are able 
to infer it from examplea previously given, and show how the sym- 
bol is related to that of water. 

21. Point out the acid baaic and neutral salts among the 
pounda represented by the following symbols : — 

ff.M'Os'CO H,K'Oi-{OiO.;) {Hg-0-Hg-O-HgyOt^SOt 

Noi 0,'GO K,' 0/( C, Oj) [I/g --ffgy0^iNO,)t 

S„Cui OfSi Cu'OtiNO,), H \F^Fif^^%0^ 

m^ Of (NO.,) , ff, H^ K-' OfM A'l 0^'i SOi- OSOj). 

What two claaaes of basic salts may be distinguished Jj^Coovert [he ■ 
symbols into the dualistic form. \ "^^ ' 



22. Analyze reactions [49 and 60], and show bow far they justifi 
the dualistic form given to tbo symbols. Represent the same 
tiona in the^jiical form. ^/ - '' 

23. What close of compounds do the following symbols FeprMcntl 

Js^-'SfAs Ag-S-SbS Ga^Sj^ff^ 

Write the symbols of the corresponding oxygen compounds. 

24. Explain the theory of the colored teat papers, and the use 
the terms scid and ba.'^iu in connection with them. To what oonib 
sion doea the double meaning of these terms sometimes lead ? 

25. The members of the series of alcohols stand in what relaliol 
to each other ? Doea the same relation exist between the meinbeil 
of the series of fat acids, glycols, &c. ? Find a general aymbol^ 
which will represent the composition of each of these classes of com 
pounds. 

26. In what relations do the alcohols stand to the fat acids, and 1^ 
glycols to the acids derived from tbera ? 

27. Select examples from each of the classes of componnds d^ 
scribed in sections 40, 41, and 42, and bring the symbols into 
parison with those of some simple hydrate or anhydride with wfaicb 
they exactly correspond. 

28. We are acquainted with a class of compounds known ai 
densed glycols, one of which has the following, symbols ; — 

{C,ff,-0-C,H,-0-Cjff,yOfH.^ 
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To what class of salts does this correspond ? 

29. Judging from the following symbols of a few of the salts of 
tartaric acid, what conclusion should you reach in regard to the 
atomicity and basicity of this acid ? 

( GJI,)^ ff,Wf{ 0,H,0,) ; ( 0^,)^ ( C,H^O)fOf{ C,ff,0,) 

30. What is the atomicity and basicity of the different acids 
whose symbols have been given in this chapter ? Does the basi- 
city of the different hydrocarbon acids (§40 to § 43) appear to 
have any connection with the numbei^ of oxygen atoms in the rad- 
ical? 

31. How do you explain the state of combination of the water 
which enters into the composition of most crystalline salts ? Show 
by an example how this mode of combination is represented sym- 
bolically. What facts may be adduced in support of the opinion 
that the molecules of water are not a part of the chemical type of 
the salt 




CHEMICAL NOMP.NCLATTIEE. 

45. Origin of Nomenclature. — Previous to the year 178T 
the names given to chemical compounds were not conformeil to 
any general mlea ; and many of ibeae old names, such as oil 
vitriol, calomel, corrosiee sublimate, red precipitate, aaltpetrt, 
sal-soda, borax, cream of tartar, Glauber's and Epsom sails, 
still retained in common use. As chemical science advaoo^ 
and the number of known substances inureaned, it bee 
imporlant to adopt a scientiBc nomenclature, and the syi 
nhich came into u^e was due almost entirely to LaToisier, «l 
reported lo the French Academy on the Huhject, in behalf of 
committee, in the year named above. lu the Lavoisierl 
nomenclature the name of a substance was made to indicate 
competition ; and at the lime of its adoption, and for fifly 
after, it was probably the most perfect nomenclature whii 
any science ever enjoyed. It was based, however, on 
dualistio theory, of which Lavoisier was the father ; and. w 
at last the science outgrew this theory, the old names lowt n 
of their significance and appropriate nesa. Within the last 
years the English chemists have attempted to modify the ol 
nomenclature so as to better adapt the names lo our ni' 
ideas. Unfortunately the result, like most atlempls to m 
woni-out garment, is far from satisfactory, although it ia 
ably the best which under the circumstances could be at( 
The new nomenclature has not the simplicily or uniiy of t 
old, and its rules cannot be made intelligible until the stu^ 
is more or lesa acquainted with the moilern chemical theoni 
Fortunately, however, the admirable system of chemicnl 
bols supplies the defects of the nomenclature, and for 
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iurpo::es may be used in its place. Wb have, iherefore, devel- 
i|)ed iliis aystem first, but have also u^ed. m<;aii while, the corre- 
londing ucientifia name^ eo tliat the sliidi^at might become 
miliar with the nomenclature, and guilier iu rules as he 
Ivunced. A brief summary of iLe^e rules b all that will be 
iccessary here. 
40. Haines of ElemenU. — The names of tlie elemenls are 
>i cunlbrmed to any fixed ruW. Those which were known 
ifore 1787, such as sulphur, phofphoms, arsenic, anliraOBy, 
3D, gold, and the other Useful uietals, retain their old names. 
;verjil of the more recently dif^covered elements have been 
imed in allusion to some prominent properly or some circuni- 
1SK& connected with (heir history : as oxygen^ from ofuc 
rtiia (acid -gen era tor) ; hydro/fi^. from vdap ytmau {waler- 
ineralor) ; chlorine, fi-otn ;fXii>pot (green) ; iodine, froni lad^s 
'iolet) J bromine, fmra jSpunot (fetid odor). The namts of the 
:wly discovered metals have a common termination, urn, as 
itatsiittn, todium, platinum ; and the names of several of the 
iwly discovered metalloids end in t'ne. a^ ehlorim, bi-omine, 
^uorin«, Equally arbitrary names have been given lo 
comjiound. ratUcals ; but, with a few exceptions, they all 
linate in jTor ene, as elhi/l, acetyl, hydroxyl. and elhylena, 

4n. Jfames of Binary Oompounda.' The simple compounds 
Ihe elemenls with oxygen are called oxides, and the specific 
jnes of the different oxides are formed by placing before the 
le of the element, but changing the termi- 
to indicate different degrees of oxidation, 
ame of the element in preference to the 
sake of euphony and in order lo secure 
lore general agreement among different limguages. When 
le same element unites with oxygen in more than two pro- 
Ortions, the Latin prepositions or numeral adverbs, tub, per, 
!», &c,, are prefixed to the word " oxide," in order lo indicate 
le additional degrees. Formerly these compounds were called 
[ides of the different elements, the degrees of oxidation being 
idicated solely by the preflxes ; and, as the old names are still 
I very general use, they are also given in the following ex- 



'ord "oxide" the at 
ition into ic or oil 
id using the Latin 
nglish, both for th 



48. Ternary Compoanih. — Of the old plasa of ternaiy 
com poll nil.', it is only tho^e which are formed after tlie L^pec 
water for which the rules of ihe nomenclature need at presenl 
be eipliiineJ. 

49. Bases. — These we call simply hydrates, and for ll 
BpeciSc name we take the uume of the positive rsdical, elian 
ing the terminalioQ into ic or ous, and using such prefixes ai 
circumstances may require, thus : — 



K'O-H 
Fe--0^'II, 



New NamM. 

i Potassie IlyiJrale o 

' Calcic Hydrate ' 

Ferrous Hydrate ' 

FeiTii: Hydrate '■ 



Old Nama. 
Hydrate of Potaan 



j Hydrate of 
I ido of Iron. 



(0=F«-Pe-0>0,'ff, " Diferriu Hydrate, the mineral Gothite. 

50. Acids. — The inorganic acids all take their specific oi 
from the name of the most characteristic element of the ne( 
live radical, which is modified hy terminations and prefixes 
before, only the last are usually taken from the Greek 
than the Latin. Here the old and the new names a 



II-O-NO, 



called Nitric Acid 
" Sulphuric Acid 
" Suljiliurous Acid 
" Hyposulphurous Acid 



The specific names of the organic acids are, as a rule, arbitral 
like tartaric acid, citric acid, malic acid, gallic acid, i 
and the like. 

61. SaUi. — The name of a salt is formed from the nai 
of the acid from which the salt ia derived, preceded by t 
names of the hasic radicals. When the name of the add en 
in ic the terininntion is clianged into ate, when in oas into i 
Moreover, the teiini nations oits and ic are retained in coan< 
tion wrth the rnimc of the basic radical, and such prefixes a 
used as tnuy be necessary for distinction, thus : — 
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New Names, Old Names, 



da-O^^CO is Calcic Carbonate or (Carbonate of 

( Lime 

da-O^-iS-O-S) " Calcic Hyposulphite " Hyposulphite 

( of Lime 

Ma-O^SO " Baric Sulphite » ^"^Ba^r la""^ 

Fe-O^SO^ " Ferrous Sulphate " P^J^^P*^*® 

FeSOMSO,\ « Ferric Sulphate » Persulphate of 

(i\riQ, Mg=O^PO " Ammonio-magnesic Phosphate 

Hy (NH^, Na=0^=PO " Hydro-ammonio-sodic Phosphate. 

The terms "acid" and "basic" have been used as parts of the 
name of a salt very confusedly. We would propose to limit 
this special use of these words to such salts as still contain 
atoms of hydrogen, replaceable by a radical, basic in the first 
case and acid in the other. This use has been followed on 
page 87, where the distinction has been pointed out between 
salts of this class and those basic and acid salts which may 
be regarded as formed by the cementing together of several 
radicals into a single complex group. Salts of this last kind 
we would distinguish by appropriate prefixes, but as examples 
of names of both forms have already been given on the page 
cited, it will be unnecessary to multiply them here. 

Questions and Problems. 

1. Give the names of the compounds represented by the follow- 
symbols : — 

a. KCl; K,0; K^S; K^-O^^SO^ KfO^^SO^; 

h, FeOi Fe^OrHy Fe-O-CO^ Fe^OfC^O^', \_Fe^lO^', 
Fe^Om^ lFe,-^W^(NO,\'' 

c, H-Cl; JI-F; H-O'NO^; JI-O-NO; H^-CfSO^', 

d, Hg-Gk\ ISg^yCk'y Ou=S; iOhyS; Fbl,; KBr; 
[^yiOa; ZnO 



CHAPTER XI. 

SOLUTION ANO DIFFDSION. 

62, Solaiion. — The solvent power of water is one of the 

•'In:'! familiar facls of common experience, and all liquids pos- 

Mf8 tlie same power to a greater or less degree, but they differ 

*ery widely from each other in the rannifestation of their 

Mrent power,' which for eaeh liquid is U:iuully limited to a 

ferfaiu class of solids. Thus mercury ia the appropriate sol- 

'■<int pr melsts, alcohol of re-^ins, ether of fat^ and water of salts 

"nd of rfmilar compound;; of it* own type. Water is by far the 

"lust universal solreot known, and for this reaaoo, as well as 

"n account of its very wide diffusion in nature, it becomes ihe 

""p^iiumof most chemical chaD_aes. The phenomena of aqueous 

"uliition form therefore a very important subject of chemicul 

'nciuiry, and these alone will be considered in this conneclion. 

The solvent power of water, even on bodies of its own type, 

differs veiy greatly. Some aolids, like potaasic carbonate, or 

'■alciu chloride, liquefy in the aimospliere by ahBiirbinr; the 

■uoisture it contains. Such falls are said to deliqtiesee, and are 

■^**3i?red liquid by a very small propoi-tion of water. Other 

ealta^ like calcic sulphate, require for solution soveral hundred 

tuHes iheir weight of water, and others again, like baric sul- 

pbate, are practically insoluble. 

■A.S a general rule the solvent power of water increases with 

""^ ttjinperature ; but here, again, we observe tlie greatest dif- 

, 'y^Qces between different substances. While the solubility 

" Sojae saltd increases very rapidly with the temperature, that 

<*tliers increases not at all, or only very slightly ; and there 

™ ^ few wliich are actually more soluble in cold water than 

, '^*>i. The solubility of each Bubslance is absolutely definite 

^ given lemperaiure, and we can determine by experiment 

^ ^xuct amount which 100 parts* of water will in any cafe 

results of sucli experiments are best represonipd 

Z '-ne eye by means of a cui've drawn as in the accompanying 

a the principles of analytical geometry. 
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Tile fiy;iirea on the herizonliil line imiiuale ilefirees of tempera- 
ture, and those on the vertical line parts of sail soluble it 
parts of water. To find the solubility of any salt, for a stated 
temperature, the curve being given, we have only to follow Up 
the vertical line corresponding to the temperature untQ it 
reaches the curve, and then, at the end of the Lorizonlal Una 
whicii interaecta the curve at the same poiot, we find the n 
her of parts required. Tlieae curves also ahow in each 
the law which the change of eolubility obeys. 

When a liquid has dissolved all of a soUd that it is capable of 
holding at the temperature, it is said to be saturated ; but when 
saturated with one solid the liquid will still exert a solvent 
power over others ; indeed, in some cases the solvent power is 
thereby increased. When several Halts are dissolved together, 
in water, a definite amount of metathesis seems always to take 
place, and the diiferent positive radiculs are divided between 
the several acids in proportions which depend on the rel&tive 
strength of their afUnilies, and on the quantities of each pres* 
ent. If in this way either an insoluble or a volatile prodoct ii 
formed, the solid or the gas at once falls out of the solutioni 
and, the equilibrium being thus destroyed, a new raetatfaeds 
takes place, and this goes on so long as any of these prodacta 
can be formed. Here, then, we find a simple explanation of tba 
tw important laws already slated on page 37. 
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53. Solulion of Gates. — Most liquida, but especially water 
id nioohol, exert on gasce a greater or les9 solvent power, 
biclt is marked by ditferences of manifestation aimilnr to 
ioee V6 have already studied in the case of boIUs, although 
Id peculiar physical r.onditJons of the gas somewhat mrHliry 
le result. Under the same conditiona, the volume of gaa dis- 
ilved is always the same ; but it varies with the pressure ol' 
le pa on the surface of the liquid, with the temperature, and 
ilh the peculiar nature of the gaa and the absorbing liquid. 
lie quanti^'' of gas dissolved by a liquid on which it exi.rts a 
rnsore of 76 c. m. is called the coefficient of absorption. 
Ub eoedScient, in almost every instance, diminishes with the 
DDperalure ; but, as in the case of solids, each substance obeys 
IflWOfitB own, which must be deierrained by experiment The 
' values at different temperatures for several of the bes^t 
■town gases, when absorbed by water and alcohol, are given in 
ke Chemical Physics, Table VII. With these data we can 
wily calculate the quantity of any of these gaaea wbirh a 
tven volume of water or alcohol will absorb, assuming that 
le gSB exerts on the liquid a pressure oF 76 c m. Moreover, 
nee the qtumtily of a gas absorbed by a liquid varies directly 
t the pressure which the gas exerts upon it, we ean easily 
lloolate from the first result the quantity absorbed at any 
[ven pressure. Again, it is a direct consequence of the last 
rinciple that at a fixed temperature a given mass of liquid will 
issolve the same volume of gas, whatever maybe the pressure. 
lastly, if a mass of liquid is exposed to an atmosphere of 
liied gpses, it will absorb of each the same quantity as if (hii 
_M was alone present and exerting on the liquid the snme 
partial pressure which falls to its share in the atmosphere. 
The amount dissolved of each gas is easily calculated when the 
partial pressure and the coefficient of absorption are known. 
It is thus that water absorbs the oxygen and nitrogen gases ul* 
our terrestrial atmosphere ; and the fact tliat these two gases 
are found dissolved in the ocenn in very different proportions 
from those present in the atmosphere is a conciusivo proof that 
the air is a mixture, and not, as was formerly supposed, a chem- 
ical compound. 
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I SOLUTION AND DIFFUSION. 

tfof pnre water, as Bhown in Fig. 3, and so carefQlly arranging 
e details of the experiment that the surfaces of llie two 
i may be brought in contact without mixiag- them me- 
uiically. It will thtn be found that the salt molecules will 
BOwly escape from the visi and spread 

jghout tbe whole volume of the ^'*' ^' 

of the diffusion in- 
I nitb the tern pern turu equally 
f f all substances, and the whole phe- 
p probably caused by that 
I tDolecular motion to which we 
feftr Ihe effects of heat. At heat, how- 
■, ihe diffusion id very slow, as we 
lid expect, considering the limited 
eedom of motion which the liquid , 
Bolecules posseas. It is found, alao, that 

the rate of diffusion differs very greatly 
r the different soluble salts ; but these may be divided into 
JUps of equidiffusive subsKmcea, and the rates of diffusion of 
e several groups bear to each other simple numerical ratios, 
a mixture of salts be placed in the vial, it is found that the 
e salt affects to some degree the diffusion of the 
! bat if the difference of rate is considerable, a partial 
uiration may be effected, and even weak chemical com|>ounds 
iay be thus decomposed. 
56. Crystalloids and CoUoids. — There is a very great differ- 
ence of diffusive power between the ordinary crystalline salts 
(including most of the common acids and bases) and such sub- 
stances as gum, caramel, gelatine, and albumen, which ara 
incapable of crystallizing, and which give insipid viscid soln- 
tions, readily forming into jelly ; hence the name colloids, from 
kdXXti, glue. The last class is distinguished by a remarkable 
sluggishness and indJ3po><ition to diffusion ; as is illustrated by 
1 the fact that sugar, one of the least diffusible •f the crystalloida, 
^difiiiBes seven times more rapidly than albumen, and fourteen 
s more rapidly than caramel. Our theories would lead us 
believe that this great difference of diffusive power is caused 
f the feet that the molecules of colloids are iar more complex 
e aggregates than those of crystalloids, and therefore are 
ET and move more slowly- Moreover, the diffusive poww 
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ia only one of many chantcters which point to a great molwn- 
lar difference between these two classes of substances. 

57. Dialysis. — The difference of diffusive power belwfM 
the two classes of compounds dislinguiabed in the last section 
bstJIl further increased when the aqueous solution is separati^ 
from the pure water by some colloidal membrane, and uponlliii 
fact Professor Graham of London, to whom we owe our whole 
knowledge of ihia subject, haa based a simple melhod of sepa- 
rating crystalloida from colloids, which he calls dialysis. 

A shallow tray is prepared by stretching parchment paper 
(which is itself an insoluble colloid) over one side of a gutta- 
percha hoop, and holding it in place by a somewhat larger 
of the same material. The solution to he dialysed ia poured ii 
this tray, which ia then floated on pure water who^ie voloi 
should be eight or ten times greater than that of the eoluti 
Under these condilious the crystalloids will diffuse through tlifl 
porous septum into the water, leaving the colloids on the traj'. 
and iu the course of two or three days a. more or lege complete 
ECparation of these two classes of substances will have taken 
place. 

In this way arsenioua acids and similar crystalloida may be 
separated from the colloidal materials, with wliicli, in cases of 
poisoning, they are frequently found mixed in the stomach ; and 
by an application of the same method alumina, ferric oilde, 
chromic oxide, stannic, raelastaimic, titanic, molybdic, tungstic, 
and silicic acids have all been obtained dissolved in water in a 
ctjlloidal condition. All these substances usually exist in n 
ciyaialline condition. The colloidal condition appears to be an 
abnormal state, and iu almost all such substances there is a 
tendency towards the crystalloid form. 

58. Diffusion of Gas€». — Gaaea diffuse much more rapidly 
than liquids, as we should naturally expect from the greirteF 
freedom of motion which their molecules possess. MoreoTffij 
if the theoi7 of (be molecular condition of gases is correct, in 
ought to be able to calculate the rokti\'e rates of diffusion jj 
different gases from their respective molecular weights, I£9 
b true, as stated on page v, that at any given temperature I 

then it follows that I 




59. T}ie Atmosphere. — The earlh is surrounded by an oeeaa 
of aeriform matter called tbe atmosphere, and many of the most, 
important cliemica! changes which we witness ia nature aca 
caused by the reaction of this atmosphere on the sub'stanceB< 
which it surrounds and bathes. The great mass of the i 
phere consists of the two elementary gases, oxygen and nitro 
^D, mixed together in the proportions indicated in the follow 
ing table ; — 



canUlna. 


By Voliuno. 


Bj WoiBht 


Oxj-gen, 


20.96 


23.185 


Nitrogen, 


70.04 


76.815 



That the nlr is a mixture, and not a chemical compound, i 
proved by the action of solvents upon it (§ 50) ; but, nevertlie 
less, the analyses of air collected in different countries, and s 
different heights iu l]ie atmosphere, show a remarkable coa 
Btancy in its composition. Besides these two gases, which ma 
op over 93 per cent of its whole mass, the air always contai 
variable quantities of aqueous vo(>or, carbonic anhydride, a 
ammonia, and sometimes also traces of various other gaees a 
vapors, 

60. Burning. — Of the two chief constituents of the atmoa 
phere, nitrogen gas is a very inert substance, and serves chiefly 
to restrain its more energetie associate. OKjgen gaa, or 
other hand, is endowed with highly active affinities, and l< 
to enter into combination with other elementary substaooei 
and with many compounds which are not already s 
with this all-pervading element. Many of these substar 
8uch as phosphorus, sulphur, petroleum, coal, and wood, hafi 
such a strong affinity for oxygen, that, under 
^y will absorb it from ILe atmosphere, and combinaj 




COMBUSTION. lit/ 

the evolution of heat and light. These substances are 

.0 be combustible, and the process of combination is called 

>ustion. Moreover, all burning with which we are familiar 

immon life consists in the union of the burning body with 

oxygen of the air. The chemical process in these cases 

r be expressed, like any other chemical reaction, in the form 

an equation. 

Burning of Hydrogen Gas, 

Hydroge n Gm . Aqueous Vapor. 

2 m-m + ®=® = 2 ma®. [53] 



Burning of Carbon {Charcoal), 

Carbon. Carbonic Anhydride. 

C + (fiXfi) = Ocfi)^. [54] 



Burning of Benzole, 

Benzole. » 

2®6^ + 15®<D = 12®(fi)2 + 6III2®. [55] 



Burning of Alcohol, 

Alcohol. 

OalSe® + 3®=(fi) = 2®(D2 + SSIa®. [56] 



Burning of Sulphur, 

Sulphurous Anhydride. 

S=© + 2(oHfi) = 2^(0)2. [57] 



Burning of Phosphorus. 

Phosphoric Anhydride. 

5?^lp2 + 5®=CD = 2 F2O5. [58] 



Burning of Magnesium, 

Magnesic Oxide. 

2 Mlg + (D=® = 2 MgO. [59] 

The four substances, hydrogen gas, charcoal, benzole, and 
alcohol, may be regarded as types of our ordinary combustibles ; 
and, as the first four reactions show, the products of their com- 
bustion are aeriform. Moreover, these products are wholly 
devoid of any sensible qualities, and hence the apparent ai 
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lation of the burning substance, and tbe reason lliat for bo Itog 
a period the nature of the process remained undiscovered. "" 
these qualities of the products of ordinary combustion are not U 
cessary conditioni of the procesa, but remarkable adaptations i 
the properties of those combustibles which are our artifioi 
Eonrces of light and heat, is shown hj the fact, that, in the IhI 
two reactions, the products of the combustion are solids, wbik 
in [57J the product ia a noxious suffocating gas. 

A careful inspection of the reactions will also teach tha 
student several other important facta in regard to the prooessee 
here represented. It will he seen that, in the burning of 
hjdrogen gaa, two volumes of hydrogen gas and one voiun 
of oxygen gas combine to form two volumes of aqueous vapoi 
It will further be noticed, that, in the burning of carbon and < 
sulphur, a given volume of oxygen gas yields in each case il 
own volume of the aeriform product. The carbon in 
case, and the sulphur in the other, are absorbed, as it were, b 
the gaa, without any increase of vorume. Further, if the e 
periments are made, which these reactions represent, it w 
appear that, in all those cases where the combustible is repi 
seated as a gas, the combustion is accompanied by flame, wha 
in the case of carbon, which Is a fixed solid, there is no prop) 
flame. Hence we learn (bat flame is burning gas, and. tb 
only those snbstances burn with flame which are either g 
themselves, or which, at a high temperature, become vol 
tilized, or generate combustible vapors. Still other i 
facts connected with the process of combustion will be learai 
by solving the following problems according to the ndea t 
ready given (§§ 24 and 25). 

Problem. How many cubic centimetres of hydrogen |ft 
and how many of oxygen gas, are required to form one- cub 
ceulimetre of liquid water?' Ana, 1,240 om' of hydi 
gas, and 620 c~m of oxygen gas. 

Problum. How many cubic metres of air are required 1 
btu'n 446 kilogrammes of coal, assuming that the coal is ' 
carbon ? Ans. 833.333 m' of oxygen gas, or 3,975.83 » 
atmospheric air. 



1 Here, 118 In all other problBma thro 
otherwiBB exproMly etalad, thai the mi 
thMamlnrd lempemture and prcstur 



;hont the hook, it Is undORlnod, mill 
inromenta und vreighia are hit Mken 
(Oonipure ^ lo and J3.) 
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Problem. How many cubic mclres of carbonic anhydride 

; fonned by the burning of 1,01)0 kilogrammes of coal, aa- 

■snming, as before, that the coal is pure carbon ? Ans. 1,860. 

Problem. How many litres of carbonic anhydride, and 

I how many of aqueous vapor, would be formed by buriiiiig one 

I litre of benzole rapor ? Aus. Simple iuopection of tlie equa^ 

f Hon shows ibat 6 litres of the tirst and 3 litres of the second 

would be formed. 

Problem. How many litres of carbonic anhydride, and Low 
many of aqueous vapor, would be formed by burning one lirre 
of liquid alcohol ( G^BaO) ? Sp. Gr. of li(juid at 0° = 0.815. 
Ans. One litre of alcobol weighs 815 grammes or y,097 criihs, 
and, since the Sp. Gr. of alcohol vapor is 23, this quantity of 
liquid would 'yield 395.6 litrpB of vapor. Hence there would 
be formed 2 X 395.6 ^7ill. 2 litros of carbonic anhydride, and 
3 X 395-6 — 1,180.8 litres of aqueous vapor. i7 ' 

61. Heat of Combuctiua. — The reactions of the last seolion 
represent only the chemical changes in ihe processeB of burning. 
The physical effects which accompany the cliemtcal changes 
our equations do not indicate, but it is these remarkable mani- 
festations of power which chiefly arrest the student's attention, 
and on this power the importance of ihe processes of combus- 
tioo as sources of Leal and light wholly depends. 

The immediate cause of the power developed in the process 
of combustion is to be found in the clashing of material atoms. 
Urged by that immensely powerful attractive force we call 
chemical affinity, the molecules of oxygen in the surrounding 
atmosphere rush, from all directions, and with, an incalculable 
velocity, upon the burning body. The molecules of oxygen 
thus acquire an enormous moving power ; and when, at llie 
moment of chemical union, the onward motion is arrested, 
this moving power is distribnfed among the surrounding mole- 
cules, and is manifested in the phenomena of heat and light,' 
(Compare § 12.) , 

1 Aeoording lo our bast knowledge, the phenomena of light are merely J 

aootijer miuilfestation of the same moIeculBr motion which cnueea the phe- I 

I BOmBlia of heat. When we speak oT the nmount of heat prodnoed, we refer I 

\ alwB^ Eo the totnl amount of moleculBT motiooj allhongh, even in the most I 

briUiBnt illumtnation, the smount of meohanicnl power manifested ns lightl 

appears to he Inconaiderable as compared with that which tukea the form ofl 



The qganti^ of beat evoked during combnstioa vanej 
very greatly with tlie nature of the combastible employed, but 
it is always constant for tbe same combuatiblc if burnt Dnder 
tbe same conditions, and is exactly proportional to the weight 
of combustible consumed. We give in tiie following table tbe 
amount of beat evolved by one kilogramme of several of the 
most common combustibles when they are burnt in oxygen 
gfta in their ordinary physical state. The numbers represent 
what is called the calorific power of tbe combuslible. With 
the exception of the two last, which are only approximate 
values, ihey are the results of very accui-ate experiments 
made by Favre and Siibei'maon. 

Calorific Power of Oomhuslibks. 



Hydrogen, 


34,462 


Sulphur, 


2.221 


Harah Gas, 


13,063 


Wood Charcoal, 


6,0S0 


Olefisnt Gaa, 


11,858 


Carbonic Oxide, 


2,400 


Ether, 


9,027 


Dry Wood (about), 


S,6H 


Alcohol, 


7,184 


Bituminous Cofd, " 


7,600 



The calorific power of our ordinary hydrocarbon liiels iiiity^ 
be calculated approximately when tiieir composition is knowu.. 
Most of these combustibles contain more or less oxygen, ajtt. 
it is found, as might be expected, that the amount of heat 
developed by the perfect combustion of (he fuel is eqnal 
to that which would he produced by the perfect combus- 
tion of all the carbon, and of so much of the hydrogeii i 
is in excess of that required to form water with tbe oxygen 
present. The rest of the hydrogen may be regarded, so fu: 
as relates to the present problem, as in combination with oxf* 
gen in ihe state of water; and in estimating the available I 
produced, we must deduct tho amount of heat required to caa-, 
vert, not oidy this water into Bleam, but also any hygroscopic- 
water which may be present. Moreover, if we use in our cal- 
culation the value of the calorific power of hydro 
the table above, we must also deduct the amount of heat re- 
quired to convert into vapor all the water formed in tbe process 
of burning, because, in the experiments by which this valuft 
was obtained, the aqueous vapor formed was subsequently e 
densed to water and gave out its latent heat 

Problem. Given the average composition of air-drii,-d wood 
as ia Ihe table, to find tin- c-idoiifi*- poiv(;i 
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» resaltH of aualjaia we 
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easily 



n and Ash, 24 
Bgroacopic Water, 300 

iooo 



From the 
deduce 

Quantity of ZT in combination with 41 

" , " available as fuel 7 

Quantity of water formed by burn- ) j„_ 

ing 48 parts hydrogen J 

Hygroscopic Water 200 

Total quantity of water evaporated 632 



grammes of carbon yield 
II 11 liydrogen " 
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■,t amount of heat required to convert (>33 grammes of 

er into vapor. {See § 14.) 339 

Ifclorific power of aiivdried wood ...... 3,134 

I From the mechanical equivalent of heat given on page l4> 
I from the data of tbe above table, we can eu»ily oulculate 
l mechanical power developed in ordinary combuBtinn, and 
e student will be sarpriscd to find how great tliis power is. 
The burning of one kilogramme of charcoal produces an 
amount of heat which is equivalent to 8,080 X 423 = 3,41 7,840 
kilogramme metres ; that is, the moving power which is de- 
veloped by the clashing of the atoms during tlie combustion 
of this small amount of coal is equal hi that which would be 
produced by the fall of a, masa of rock weighing 8.080 kilo- 
_ grammes over a precipice 4~23 metres high, and, could tbis 
Li'power be all utilized, it would be adequate lo raise the game 
■ weigbt to the same height, or to do any other equivalent 
HjUnoant of work. Tbe stenm-engine is a machine for apply- 
^Big thi,'4 very power to produce mechanical results; but, uufor- 
^hnately, in the liesl engines we do not utilize much more than 
^B^ of the power of tbe fuel ; and to find a more economical 
^Kieaufi of converting heat into mechanical effect is one of (he 
^KfeaC problems of the prei^nt age. 

^H fi2. Calorific Atfensiy^. ^- The calorific intensity of fuel is to 
^H carefully distinguished from its calorific power. By caltirific 
^Hbuxr is meant, as we have seen, the total quantity of heat 
^Bmloped by tbe combustion of a given amount of fuel. By 
^BAmjfe intensity, we mean the maximum temperature de- 
H^^ted in the process of combustion. Provided tbe products 
^Bn tbE> same, the total amount of heat produced in any case b 
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^tge mass of inert nitrogen, which must bo regarded as one of 
^m^ products of the combustion. The weight of this nitrogen is 
Hkeily calculated from the known composition of air by weight 
^R ^) and from the amount of oxygen consumed in the process. 
M 23.2 : 76.8 = 2.67 -.j^; or i = 2.67 X 3.31 = 8.84. 
H We have now, besides ihe values given above, W ^ 8.84 
Htid >S',' the specific heat of nitrogen, equal to 0.244. Whence 
B* = 2,738°. 

H Problem. Find the calorific intensity of hydrogen gas burnt 
^B oxygen and burnt in air. 

^P Solution. One kilogramme of hydrogen yields 9 kilogrammes 
ma aqneouH vapor. The specific heal of aqueous vapor is 0.4805. 
^uhe calorific power of hydrogen is not so great when the gas 
Bb burnt under ordinary conditions as th»t given in tite table on 
K^age 118 ; tor in the experiments of Favre and Silbermann the 
K vapor formed by the combustion waa subsequently condensed 
I to water, and gave out its latent heat, while in a. burning flame 
fcTtf hydrogen no such condensation takes place. Hence C:= 
1 .84,462 — (537 X 9) = 29,629. We also have ff = 9 and 
I "8= 0, 475. Whence T= 6,853°. 

When hydrogen is burnt in air, the nitrogen, mixed with the 
aqueous vapor, weiglis 26.49 kilogrammes and S' is the same 
as in the previous problem. Whence T = 2,746°, 

It appears then from these problems, that, although the 
paloriHc power of hydrogen is much greater tlian liiat of car- 
ibou, its calorific intensity is less. But it must be remembered 
the conditions assumed in these problems are never real- 
in practice, for the heat generated by the combustion is 
T wholly re(aiued in the products. The process of com- 
iSSioa requires a. certain time, and during this time a portion 
the heat escapes. Moreover, more air passes llu-ough the 
ibnstible than is required for perfect combustion, atid many 
the data which enter into the calculation are uncertain, 
results, therefore, can only be regarded as approximate, 
theoretical coodiiiona are most nearly realized in a gas 
i, and especially in that form of burner known as the 
lunsen lamp. The tempersture of the flame of Ihia lamp, 
carefully regulated, is very nearly that which the theoi-y 



. Point of Tgnilion. — To order that a combosliWe 
' fhrnild take fire, and eoDtlnue burning in the atniosphe 
mual be healed to a certain temperature, and maintaiiK 
this teraperaiui-e. This temperature is called the point of 
tion ; and although it cannot alnajs be accurately meai 
and is undoubtedly more or leas variable under different 
ditions, yet, nevertheless, it is tolerably constant for eacb 
stance. For different substances it differs very greatly. 
phosphorus lakes fire below the boiling point of water, sh 
at 260°, wood at a low red heat, anthracite coal onlyM' 
red beat, while iron requires tlie highest temperatare 
forge. If a burning body is cooled below its point of igi 
it goes out; and our ordinary combusliblea continue bu 
in the air only because the heat evolved by the burning : 
tains the temperature above the required point. If tlu 
perature of the combu,«tible is not maintained suificienlly 
either because (he chemical union ia too slow, or becani 
calorific power is t^o small, Iheti the combustible wlU nu 
tinue to hum in the air of itself, although it may burn 
readily if its temperature is sustained by artificial a 
Hence many of the metals which will not burn in tli 
bum readily in the flame of a blowpipe, and ao iron i 
spring bnms like a match in an atmosphere of pure oi 
The calorific intensity of all comfiustibles, when burnt i 
atrao^aphere, is, as we have seen, greatly reduced by tbei 
ence of nitrogen ; and hence it is that, although the bi 
watch-spi'iiig is maintained above the point of ignition ii| 
oxygen, it soon foils below this temperature, and g« 
when i^'nited in the air. Thus it is that the nitrogen < 
atmosphere exerts a most iniporlant influence on the acl 
the fire element; and it can easily lie seen that, were it n 
these provisions in the cunstitution of nature, by whit 
active energies of oxygen are kept within cert-nin limi 
comhu-ilible material could exist on the surface of the e» 
64. Culorifie Power derived from the Sun, j— The grew 
' the crust of our globe consists of saturated oxygen 
^und-, or, in other words, of burnt materials; and llie 
t of combustible materials which exists on it^ surG 
Comparatively, very small. That which exists naturally « 
'most entirely of carbon and its compounds, — such aa 
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luplitha, and wood ; and all these substancea are the results of 

Tegetaljle growlb, eilher of llie present age or of earlier geo- 

Iflgiual epochs. Moreover, whatever subsequent changes the 

1 materinl may have undergone, it was all originally prepared 

" J' the plant from the carbonic acid and water of our atmoa- 

; for, in the economy of nature, these products of cora- 

UioD have been made the food of the vegetable world. The 

* rays, acting on the green leaves of llie plant, exert a myij- 

IH>us power, which decomposes carbonic anhydride, and per- 

B also water; and, as the result of this proce^ti, oxygen is 

i»ed to the atmosphere, while carbon and liyiirngtn are 

1 np in the growing tissQca of the plant. The sun thus . 

s the work of conihuation, and parts the atoms which the 

Ileal affinities had drawn together. In doing this, the 

k exerts an enonnous power; and the work which it thus ac- 

a is the precise measure of the calorific power of the 

l^ustible material, which it then prepares. Whien we wind 

pli« weight of a clock, we exert a certain power which reap- 

L ila subsequent motions ; and so, when the sun's rays 

' theae atoms, tlie great power it exerta is again called into 

*ri, when in the process of combustion the atoms reunite. 

*^«over, what is true of calorific power is true of all mani- 

B'^tiona of power on the surface of the earth. Every form 

<>' *«ioli(in is sustained by the running down of some weight 

«iii<?Ti tiie eun has wound up; and, according to the beat theory 

"^ Can form, the sun's power itself is sustained by the gradual 

fallii^ of (he whole mass of the polar system towards its com- 

iiiQii centre. However varying in its manifestation, all power 

la its essence is the same, and the total amount of power in the 

nniverse is constant. 

65. Heal of Chemical Combinations. — The heat of combua- 
lion is only a striking manifestation of a very general principle, 
which holds true in all chemtcjil changes. It would appear 
(Imt whenever, in a chemical reaction, atoms or molecules are 
drawn together by their mutual affinities, a certain amount of 
moving power is developed, which takes the form of heat ; and 
whenever, on the other hand, these same atoms or molecules 
are drawn apart by the action of some superior force, the same 
amount of moving power is expended, and heat disappenrs. 
Every cheraica! reaction is a mixed effect of such combina- 



m 

tions onj decompositions, and it is simply a complex problem in 
the meuhftnical theory of heat to determine what mnsl lje in 
any case tlie tijermal effect. TLe numerous facts with 
wliicli wo are acquainted in regard to the heat of cheroicgl 
coinbinaliou generally agree with the mechanical^ theory ; and, 
where the facta do not appear to conform to it, the discrepancy 
prohably- arises from our ignorance of the nature of the ebe 
ical change in question. It would be incompatible with c 
design to discuss these facts in this book. It must be sulfidr 
to state a few general results, nhicfa may be summed up io ifas' 
following propositions : — 

First. The heat absorbed in the decomposi 
pound is equal to the heat evolved in its formation, provided 
the initial and the final states 

Second. The heat evolved in a series of suceesaive chemictl 
changes is equal to the sum of the quantities which would ba: 
evolved in each separately, provided the bodies are finaSf 
brought into identical conditions, 

Tliird. The difference between the quantities of heat evolved! 
in two series of changes starting from two different stateBi .^^ 
ending in the same final sta(«,i3 equal to that which is evolvea 
or absorbed in passing from one initial condition to the otbei! 

For example, if a body m evolves a certain amount of ' 
in uniting wiih n to form m n, and if the body ra n is dei 
posed by a third body jj. so that mp is formed, tlie quandt 
of beat evolved in this last reaclion is less than that whic 
would be evolved in the direct union of m and p by the amouH 
evolved in the formation of tn n. 

All these propositions, however, are but special cases andc 
n more general principle which U at the basis of the whol 
mechanical theory of heat, and which may be enunciated a 
follows: Whenever a system of bodips undergoes chemtd 
or physical changes, and passes into another condition, whal 
ever may have been the nature or succession of the change 
the quantity of heat evolved or absorbed depends solely on th 
initial and final conditions of the system, provided no mecboio 
ical effect ha^ been produced on bodies outside. 
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Questions and ProUerm. 
1, IIow many times more space doea the carbonic anhydride 
formfU by burning charcoal (Sp. Gr. = 2) occupy than thu char- 
coal burnt ? 

Ads. One cubic centimetre or two grammes of charcoal yields 
S,720 litres. Hence the gas occupies 3j720.time8 the volume 
of the charcoal. 

2. How many litres of oxygen gas are required to bum one litre 
rf alcohol vapor, and how many litres of aqueous vapor, and how 
many of carbonic anhydride, will be formed in the process ? 

Aiks. 3 litres of osj-gen, 3 litres of aqueous vapor, 2 litres of cai^ 
bonic anhydride. 

3, Given the symbol of alcohol C^H,0 to find its calorific power. 
Ana. 6,572 units, or 7,200 units, assuming that the steam formed 

was condensed. 
A. The composition of dried peat is as foUows; Carbon, S25.4; 
Hydrogen, 68.1; Oxygen, 292.'I ; Nitrogen, 14.1. Find the calor- 
ific power. Ana. 5,521 units. 
' 5. Find the calorific intensity of marsh gas burnt in oiygen. Sl'^ ' 



cn, + %o-o— CO, + 2 



\0 



orific power of matsh gas, 13,063. Specific heat of steam, 0.4S05; 
fCO„0-2lGi. Ana. 7,793. 

[ 6. Find the calorific intensity of olefiant gas burnt in oxygen. 

ajTt + 3 0^0 ^ 2 CO^ + 2£r,0 

Uorific power of C,£r, U,S58. Specific heat of steam and car- 
inic anhydride as in last ])roblem. Ans. 9,136°. 

} 7. Find the calorific intensity of marah gas and olefiant gas burnt 
il ur. Besides the data already given, we have also specific beat of 
" " 1. Ana. 2,6t»2°, and 2,916'^. 
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"Sing a porcelain globe, succeeded in determining its specific 
ei-a.^ity at a very high temperature, that iW value was found to 
*^<**Tespond with the probable molecular weight, and it is pos- 
sible ihat n fimilar anomaly which still exists in the case of 
P'losphorus and arsenic may be due to the same cause. 

The chemist, however, can always have a sure oriterion of 
ttie condition of any vapor whose specific gravity heia deter- 
*f»\ning by repeating his experiment at a aooiewhat higher tem- 
__perature. If the second result does not agree with the first, it 
a proof tliat the vapor is not yet in a proper condition, and 
at the temperaliire employed in the expuriment waa too low. 
i. serie* of determinations of the specific gravity of tlie vapor 
itic acid made by Cahours furnish an esceljent illustra- 
tion of the importance of tlie precaution we are discussing, and 
Will also point out another important relation of this whole Bul>- 
ec\. This acid when in the most concentrated state boils at 
120°, and the specific gravity of its rapoi' referred to hydrogen 
I tne same temperature and pressure waa found to have the 
bllowing values at the temperatures annexed : — 

At 125 45.90 At 170 3a.30 At 240 30.18 

" 130 44.82 " iSO 35,19 ■' 270 30.14 

» 140 41.96 '* 190 34,33 " 310 30.10 

" 150 39.37 " 200 32.44 " 320 30.07 

" IGO 37.59 " 220 30.77 " 33G 30.07 

It will be noticed that, as the temperature increase.", the 
tedflc gravity diminialics, at first very rapidly, afterwards 
ore slowly, and does not become constant until the tempera- 
ire ha* risen 200° aliove the boiling point, when we have the 
oe specific gravity of acetic acid m the state of gas. This 
ires for the molecular weight of acetic acid 60 very neariy, 
hich corrcspouda to the received formula, C^ffiO-i. The slight 
i^rence between the tlieoretical and the observed results 
Aj be in part due to errors of observation, but is most prob- 
jly to be refeiTcd to the same cause which determines even 
: the permanent gases, when under the atmospheric pressure, 

variation from Mariotte's law. We do not expectj moreover, 
I find from the specific gravity the exact molecular weight. 
%a precite value u determined hy ike nndtt ofanalyiis. w/iieh 
'e, or a rule, far more accurate, and the specific gravity is 



MOLEOULAB WEIGHT AKD CONSTITUTION. 

on/y uted to decide lehieh of several posaihle multipht rniut 
the Iran value. (Compare carefully § 23.) 

67. IXsatsociation. — But, besides taking care that the M 
perature is sufficiently high to briug the substance we ai 
studying into the condition of a Ime gas, we must look out th 
the compound is not decomposed in the process. It is uow Wl 
known that at very high lemperatarea the disassociation 
the elements of a compound body is a constant result, and it 
probable that in some cases tlio same effect is produced at tl 
much lower temperatures which are employed in the detent 
nation of vapor densities. The specific gravity of the v^ 
of anrniimio chloride, instead of being 26.7S, as we should e 
pect from the undoubted weight of its molecule, IiJ/,01, 
only about one hiilf of this amount ; and the reason probably i 
that, when heated, the molecule breaks into two, and in ama 
quence the volume of the vapor doubles. 



SJI,OI 


= 


SB, 


+ 


BCl 



It is very difflcult, however, to obtain any further evida 
that such a change has taken place ; for, as soon as the tempe 
ture falls, the molecules recombine m assuming the solid con 
Ijon, and all the phenomena attending the change of state : 
precisely the same as those observed in any other volai 
body. Indeed, although many very ingenious ezperime 
have been made with a. view of settling the question, it ig t 
uncertain, not only in this, but also in several other one 
whether disassociation has taken place or not. The question 
is of great importance to the theory of chemistry. If disa^so- 
wation does not lake place, the cases referred to are cKceptions 
to the law of equal molecular volumes, and specific gravity can 
no longer be regarded, as now, the sole measure of molecular 
weight. If, however, it can be proved that such a change does 
take place, then the unity of our present theory is preserved, 
and the chemist has only to guard against this cause of error 
in his experiments. 
. ' 68. Indirect Determination of Molecular Weight. — AJ- 
Ihough our modern chemical theories rest in great 
the molecular weight of a few typical compounds determiDi 
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least npprosimaiely, by their speeiflc gravities, yet it b ouly 
a comparatively few cases iliai. we are able to refer tliH 
olecular weight of a substance direclly to this fundamental 
sasiiK. Most fiub:(anceB are so fixed, or so easily decom- 
leed by heat, iliat it is impossible to determine the Bpeeifit; 
avily of their vapor, even when such a condition is possible. 
I tliese cases, liowever, we endeavor to refer the raolec- 
ar weight indirectly to the fundameiilal measure, by estab- 
ihing a relation of chemical equivalency between (he sub- 
ice who^ molecular weight is sought and some closely 
Toklile substance whose raoleculiir weight lias been pre- 
ODsly determined in the manner described above. A lew ex- 
nples will mHke the application of this principle intelligible. 
It is required to determine the molecular weight of nitriC' 
lid. A careful study of the numerous nitrates leads to the 
mclusion tliat this ncid. like hydrochloric acid, HCl, eon- 
ins bat one atom of replai:eiible hydrogen. For example, we 
id but one potossic nitrate and one sodic nitrate, whereas wc 
lOuId expect to flud several, if the acid wore poJybasio. 
ence we conclude that one molecule of argentic nitrate, like 
le molecule of argentic chloride, AgCI, contains but one 
om of silver. Next, we analyze argentic nitrate, and find 
Bt 100 parts of the salt contain G3.53 parts of silver. We 
Km the atomic weight of silver, 108, and evidently this must 
BRT the same relation to the molecular weight of argentic 
Irate that 03.53 Iiears to 100. But 03.53:100=108: 
= 170, which ia the molecular weight of argentic nitrate, 
id, since the mole(^ule of nitric acid dillers from that of argen> 
; nitrate only in eoniaining an atom of hydrogen in place of 
« atom of silver, iw own weight must be 170 — 108-)- 1 
tCS. 

It IB required to determine the molecular weight of sul- 
joria Bcid. A comparison of the different sulphates shows 
■It Bulpburic acid is dibasic. We find two sulphates of potas- 
om and sodium, an acid salphate and a neutral sulphate, and 
jace we conclude that this acid contains two replaceable 
OHW of hydrogen, and hence that one molecule of neutral 
Ipbale contains two atoms of potassium. In ana- 
zing polassic sulphate it appears that 100 parts of the salt 
44.83 parts of potassium, and evidently this weight 
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bears the same relation to 100 that the weight of two atoms of 
potassium bears to the weight of the molecule of potassic sul- 
phate. Thus we have, — 

44.83 : 100 = 78 : ar = 174 ; the M. W. of Potassic Sulphate, 
and 174 — 78 + 2 = 98 ; the M W. of Sulphuric Acid. 

By a similar course of reasoninfj we may deduce from the 
results of analysis, and from the general chemical rela- 
tions, the molecular weight of any othf-r acid or base. If 
there is any question in regard to the basicity of the acid or 
the acidity of the base, there will be the same question as to 
the molecular weight ; but we cannot be led far into error, for 
the true weight will be some simple multiple or submultiple of 
the one a>sumed, and the progress of science will sooner or 
later correct our mistake. From the molecular weight of any 
acid we easily deduce the molecular weights of all its salts. 

When the substance is not distinctively an acid or a base, but 
is capable of entering into combination with other bodies, we 
can frequently discover its molecular weight by determining 
experimentally how much of this substance is equivalent to a 
known weight of some jillied but volatile substance whose 
molecular weight is known. Thus ammonia gas, whose molec- 
ular weight is one of tlie best-established data of chemistry, 
enters into direct union with a compound of platinic chloride 
and hydrochloric acid (PiCIqHo) to form a definite crystalline 
salt whose composition is exactly known. 

FtCl,H., + 2ira^ = PtGk{NH:)^ [61] 

Now a very large number of substances allied to ammonia 
form with this same platinum salt equally definite products, so 
that by simply determining the weight of platinum in these 
compounds, which is very easily done, their molecular weights 
may at once be referred to the molecular weight of ammonia. 

Lastly, if other means fail, we may sometimes discover the 
molecular weight of a compound by carefully studying the reac- 
tions by which it is formed or decomposed, and inferring the 
weight of the compound from that of its factors or products. "We 
seek to express the reaction in the simplest possible way, and 
give that value to the molecular weight which best satisfies the 
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diemical equation. Evidently, however, such results are le&s '\ 
trustworthy than those obtained by either of the other methods. ->^ 

69. Constitviion of Molecules, — It is a favorite theory with 
some chemists that no molecule can exist in a free condition 
w\\h any of its affinities unsatisfied, but those who hold this 
view arc compelled to admit that two points of attraction in 
the same atom may, in certain cases, neutralize each other. 
Hence, thpy would distinguish between a dyad atom like that 
of oxygen Q- «) , with its affinities open, and a dyad atom like 
that of mercury (- -j, with its affinities closed through their own 
mutual attraction. The first could not exist in a free condition, 
while the last could. In like manner any atom, having an even 
number of points of attraction, can exist in a free state because 
all its affinities maybe satisfied within itself; but an atom hav- 
ing an uneven number of points cannot, for at least one of its 
affinities must be open as is shown by the symbol (^ — *). As 
thus interpreted it must be admitted that the theory explains 
many facts. 

For example, among the univalent elements, chlorine, bro- 
mine and iodine are all known to have molecules consisting of 
two atoms. So, also, the molecule of cyanogen gas consists of 
two atoms of the radical CN, and the same is true of ethyl, 
propyl, &c., at least if the hydrocarbons so named have really 
the constitution first assigned to them. 

Passing next to the dyads, we find that, while oxygen, sulphur, 
selenium and tellurium have molecules consisting of two atoms, 
the metals mercury and cadmium, and the radicals ethylene, 
propylene, &c. ( Cg^ and CqHq), have molecules which coincide 
with their atoms. 

Of the well-defined triad elements none are volatile, but the 
two triad radicals which have been obtained in a free state — 
allyP (Osffs) and kakodyl ({CHs)2^s) — hoih have double 
atomic molecules. 

In like manner none of the tetrad elements are volatile, 
and the only tetrad radicals known in a free state have single 
atomic molecules. 

Of the pentad elements nitrogen has a molecule of two 
atoms, while phosphorus and arsenic have molecules of four 

1 Sec page 78, Problem 7. 



aloras. No compotmii railicals of this order are known in a 
ree state. 

Lastly, the onJy hexad radical known in a free stale, benrina, 
CtHa- l>it^ & mokcule Wtiicli coincides with its atom. 

Thus it appears that in general the theory is sustained bytbt 
facts. Kevertheless, there are several well-niarked exceptions 
to it. Thua the well-known compounds NO and NO3 have 
;u1cs which act aa radicals of uneTen atomicities and fet 
contain but one complex atom. We must be careful, therelis^. 
not to give too much weight to this hypothesis, but stilt it m^ 
be useful in co-ordiaating facts. It lead.J! at once lu three ffn^ 
eral principles which will be found to be almost univeiH% 
true. 

The first is that the sum of the atomicities of the stoma rf 
every molecule is aa even number. 

The second is that the atomicity of any radical is an odS' 
or even number according as the sura of the atomiddea 
its elementary atoms is odd or even. 

The third is that the quantivalence of elemeninry ata 
muFt be, aa stated on page 59, either even op odd. They 1 
artiads or perissadi, and the two characters can never be ma 
fested by the same elements. 

It has also been a question among chemists whether molec 
ular combination was possible ; in other words, whether it u 
possible for molecules of different kinds to combine chemically, 
each preserving its integrity in the compound. Some of 



I of the unitary theory, in the reaction against tltt 
dualistic system, have been inclined to doubt the po^slbili^ D 
snch compounds, and have attempted to represent the symbcd 
of aU compounds in a single molecular group ; but any ante 
cedent improbability, on theoretical grounds, is far more that 
outweighed by the evidence of a large number of compoantl 
whose constitution is moat simply explained on the hypoHiui 
of molecular combination. For example, in the crystalline m" 
it is impassible to donbt tliat the water exists as such, not m 
part of the salt molecule, but combined with it as a whole. I 
also, there are a number of double salts whose constitudoai 
most simply explained on a similar hypothesis, and, in 
ent state of the science, it seems unnecessary lo compliofl 
their symbols by forcing them into the utiiiary mould. It ie 
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,nicteristic of sucli molecular compounds as are here assumed, 
Uie force which holds logelher ihe molecules is much feebler 
than that which binds together Ihe atoms iu the molecule. When 
the molecular attraction is very strong, it is probable that in 
almost all cases the different molecules coalesce into one ; and 
between the extreme limits we find coropouDds in which it is 
difficult to delexmine whether true molecular combination ex- 
not Such coalescingof distinct molecules eeemsalwaje, 
iwever, lo be attended with a greater development of heat, and, 
general, with a more marked manifestation of physical enep- 
than usually attends either molecular aggregation or atomic 



the notation of this book molecular combination is indi- 

by writing together ihe symbLjIs of the differeut molecules 

i united, but separating these eynibols by jieriods. Thus 

symbols iKCLJ^C/,, aud SlfaF.SbF, represent compounds 

ibis class. 

70. homerism, AUotropUm, Polipnorphitm. — We should 
fer from Ihe doctrine of chemical types that the same atoms 
ght be grouped together in different ways, so as to form 
!erent molecules which in their aggregation would present 
lentiolly distinct qualities. Hence, we should expect to find 
Bubstauces having the same composition ; and in fact 
adence, organic cliemistry especially, is rich in examiiles 
Ithfe kind. Such substances are said to be isomeric, and the 
enomeuon is called isomerism. There are different phases 
isomerism, which it will be well to distinguish, not so much 
iwcount of any essential differences in the phenomena as in 
let to make ourselves better acquainted with its manifesla- 

[n the first place, we have examples of isomeric bodies 
Cing the same centesimal comitosition, but showing no rela- 
It (o each other in their properties or iu their chemical 
clions. Sometimes we have assigned lo them the same 
mula, but in other cases the symbol of one is a simple 
Itiple of that of the other. Thus aldehyde and oxide of 
'lene have both the symbol O^HfO; cane sugar and gum 
>iC the common formula C^f^O,,; lactic acid, the formula 
f^OiS and glucose, Co^uOe. These compounds bear r 
mbknce to each other, and have no relations iu commou 
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lliese direclitini, more or less arbitrarily chosen, are caliL-<l Ow 
( of the i;rysl4i)a, and a crystaUine fonn may be defioedq 
a symmetrically disposed around Lhwl 
Ab is evident from this deScitioii I 
crjBialfiae form, like a geometrical ronu, I 
a pure abstraction, and this couception 1 
oiirefuUy to be kept distinct from Ibe W 
^^™ °^ * crystal, which impHcs not only a o 

I^HI 1^1 in Ibriu, but aLiO a cunaia structi 
^^H Moreover, in by far ibe lurger nninber A 
HH cases [lit: same crystal is bounded by R 
^HB foi'nia. Thus, in Fig. 4, wiiitb represeota fl 

fij.-iitl of common quariz, the planes tfj^ 
jiri.'ini and the planes of llie pyramid 
ilisllrift f^ryjUiiiiae Ibi'ms. 

73, Systems of Crystals. — A careful study of the i 
crystals has shown that these forms may be uk^siBed tmdt 
eryslalline systems, ennh of which is distinguished by & pet 
plan of symmetry. These division?, it is true, are in a i 
lire arbitrary ; for here, as elsewhere in nature, no sharp dividi 
lines are found ; but nevertheleaa the distiaetions on which ti 
classification rests are clearly marked. We can only giva 1 
this book a very imperfect idea of these several plans of syij 
metry by representing with figures a few of the r 
leristic forms of each. 

74. Firii or Isometric System.^ — The three most frequec 
oceurriog forms of this system are the regular octahedron, 1 





iliomliip dodecaheih'on and the cube, Figs. 5, G, ^ini 
and all the other forms of the system may be i 

1 Cnlled nlM noDometriOi 
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d around three equal and similar axes at right angles to 
1 other, and hence the name isometric (equnl dimensions). 
Phej present the same symmetry on all side?, and the appear- 
if the I'opm is identical, whichever axis is placed in a ver- 
osilion. In this system no variation in the relative posi- 
ir lengths of the axes is possible, for (his would change 
eplan of symmetry ou which the syaiera is based. 
"'. Second or Telragonul System} — Tho plan of symmetry 
\ this system is beat illustrated by the square oclaliedron, Fig. 
'- Of this form the basal section, Fig, 9, is a square, and to 




Bts fact the nnme of the system refers. The vertical section, 

I the oilier hand, is a rhomb, Fig 10. Here, as in the fii'st 

jBtem, the forms may all be referred to three reeiaiigular axes, 

nt only two have the name length ; the third may be either 

ger or shorter than the others. . The last is the dominant 

3 of the form, and hence we always place it in a vertical 

ition and call it the vertical axis. The length of the verti- 

\ axis hears a constant ratio to that of the lateral axes in all 

yatals of the same substance, but this ratio diifers very greatly 

r different substances, and is therefore an important crystal- 

rapfaic character. The familiar square prism ia another very 

tic form of (his system. 

Fig. n, Fls. 12, 





1 Moreover, rlip pkne^ both of the prism ami of llie octahedron 
nj have difteient po-itions with reference ro ilie laterid axes, 
I IB sbowQ by the t\tD b!l^Ili sections, Figs. 11 and 12; 
- Ciillsd alia iHiueCris. 
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and this leads us to (JiBtingaiBh two Bqnare prisma ani 
square octahedrons, one of which is said to be the inve 
the other, 

76, Tliird or Hexagontd System. — In the last systen 
planes were arranged by fours aroond one domiuant ajds, whll 
ID this system they are arranged by sixes. The moat char 
idtic forms of this system are the hexagonal pyramid, Fig. ifl 
and the hexagonal prism, Fig. 14. The haeal s 
either of these form^ is a regular hexagon. Fig. 15, and, beside 




the dominant or vertical axis, we sXio distinguish as lalend^ 
the three diagonals of this hexagonal section. These ll 
axes stand at right angles to the vertical axis, but betwei 
tliemselvea they subtend angles of 60°. Here, as before, tl 

"o of the length of the vertical axis to the corao 
the lateral axes has a constant value on crystals of the Si 
Buhstance, but differs very greatly with different s 
the vertical axis being sometimes longer and sometimes ahoi 




ihan the other three. The rhombohedron, Fig, 16, aud I 
Bcalenohedron, Fig. 17, are also forms of this system, and o 
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) frequenlly llian the more ijpiual forms first men- 

Lasitly, a difference of position in the phines of tlie 

or pyramid with reference to the lateral asea gives rise 

IB system to the same distiuction between the direct and 

t! forms lis in the last 

. Fourth or Orthorhomhic Si/stnn} — The moat character- 

s of this system are the rhombic octahedron. Fig. 18, 

i right rhombic prism, from which the system takes its 

The three principal sections of the octahedron, repre- 

y Figs. 19, 20, and 21,andal?o the basal section of the 




pri-ra, are all rhomb', who^e relations to ihe form are indicated 
by ihe lettering of ihe fignres. We easily distinguish here three 
axes at right angles to each other, hot of uneijual lengibs, and 
lo ibe raticH of these lengths the remart 
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is called the plane of symnielry. and the faces on aU motiocliniei 
cryeials are dicpoBed symmeirically solely with reference Ii 
plane. In a word, the synimelry is bilateral, and corre'poniM 

¥if. 22, fife'. -Ji- 




10 the type with which we are so familiar in i 

(he human body. This plan of symmelvy is w.l t illuatrated l>j 

Figs. 25, 26, and 27, which represent Lhe commonly occUTFJl 

foirms of gypsum, augile, and felspar, three of the most I 

mon minerals. These figures, however, do not, like tbo| ' 

previous actions, represent simple ciystalline forma 

tills here represented are in eaeh case bounded byfli 

and indeed in this syatem sncli compound forma are s 

aible, for no simple monoclinic form can of itself enclose ppact ^ 




r Tridinic System. — This system is distiDguisfac 
mplete want of symmetry. Only opposite plaiH 
are similar, and two such planes constitute 
I complete cryaialline form. Hence on eva 
I crystalthere muatbe at least threesimple form 
I We may refer the planes of any crystal ! 
' ree unequal axes all oblique to each otha 
t the position we assign to them is quite z 
Wary, and they have therefore litlle value i 
I crj'tallographie elements. Fig. 28 represen 
a crystal of sulphate of copper, one of the very few subtuno 
which crystallize in ihig py^tem.. 
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Modifications on Cfryatah. — When Bpveral cryslallim 
ippear on tbe santd cry^^tal, eome ouc is usually □ 
or dominant than Cbe re^l, Hud gives to the crysl 
I aspect, the planes of the secondary forms only a 
on its edges or soliil angles, which are then said to 
I OT replaced. Thus, in Figs. 29, 30, and 31, the s- 
f a cube are replaced (or truncated) by the faces ol 
wn J in Fig. 32 tlie edges of the cube are replaced 1; 
■a of the dodcciiliedron 
ron are modilieil in (he 
Igles of a dodecahedron 




ron. The^e ar.; all forms i,f the isoniRlric sy.-ltm, and 
Itions of (be sitnjile forma to eacli other, which deiei'- 
1 every case the position of liie secondary planes, will 
iily teen on comparing together the fignrea already 
1 page 138. These figures, like all cryBtallo^'mphio 
, »ra geometrical projections, and represent the planeq J 
ame relative position towards the cryalalline axes wLictT 
on the crystal itself. Moreover, since in all figu 
) of this system the axes are drawn in ab9oluielj|| 
le position on the plane of the paper, the same face haS 

B position Ihroiighout. 
I general rule, nU the similar parts of a crystal i 
wously and iimHarly modified. Tliis important lawj 
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35 U) 50. By c«relul!y aiudying the-e figures, as wbII hs Fis». 
25 to 28 on page 142, tlie stu<ient will be able lo n-fer pscIi of 




I 



the compound crjatala here represenleil to one or 

the sjBl'etns of symmetry alrencly described, and from thwjij 




similar pviicllffi hn iviil li'jirn. beitpr ihnn from any descriii 
tioDB, bow clearly the mod Hi cat ions uii a ciystal point out id 
crystallf^rnpbic relations. 



n. Hemihedral Fa 
B of cryBlali 



ns. — To the law governing the modi- 
L stated, there ia one important estep- 



. It not unfrequeutly happens tliat half the similar parti 
crystal are modified independenCli) of the other hatf. Thus 








F^Sl oniy one half of the solid angles of the cube are 
icated. The modifying form in this case is the tetrahedron, 




i, also a simple form of tlie isometric system. W hen 
s solid angles of the cube are Irancated, the modifying 
I, as has been shown, is the octahedron, and the relation 
the tetrahedron bears to the octahedron is shown by 
!. The rliombohedron. Fig. 54, stands in a similar re- 
D the hexagonal pyramid, Fig. 65. From these figures 



it b evident tliat wliile the oclahedroa and the hexagoiia) pjn 
mill bave aU ibe planes which perttct rymmeiry retiiii 





Celralieilroii and [he rhombohedron liave only half tliu iiuuiln:^ 
iirid in (^ryf-tullographj all forma which bear a similar j'elatiun 
tci the Ibrms of perfect symmetry are said to be Aemilivirii 
while the forms of perfect RymmeCry are distinguished 
hedral. The hemihedral forms are quite numeroua it 
systems, but with the exception of tlie tetrahedron, rbomlxltlS 
dron, and scalenohedron (Fig. 17), they seldom appear e; 
as modifying' planes on the edges or solid angles uf the tBVi 
perfect forms. As ii general rule, they are easily recog 
but not unfrequently they give to a crystal the aspect of a ( 
ferent system from that to which it really belongs, and d 
lead (o fwlse inferences ; but these can, in most cases, be eoi 
reded by a carefu! study of the int«rfacial angles. 

82, Identify of Gystalline Farm. — As Ima already h 
stated, every substance is marked by certain pecoliaritieft ' 
outward form, which are among its most essential qaallttes, U 
we must next learn in what these peculiarities consisL Al 
general rule, the same substance crystallize-i in the same fan 
but under unusual eircumstances it frequently appears id 
forma of the same system. Thus fluorspar is usually fbai 
crystallized in cubes, but in large collections crystals of Lf 
mineral may be seen in almost all the holohedral forms of ll 
isometric system, including their numerous combinations. 
like manner common salt usually crystallizes in cubes, but t 
of a solution cflntaining urea it frequently crystallizes i 
hedrons. Moreover, the same principle holds true in T 
to subBlancea cryttallizing in other ■^yiems mo 
forms never appear except in eombinaiion. Thus the miner 
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generalljr stiowa the ^limplt! corabiuatioQ represented S^| 
i but more thaii one hundred other form:^, all, huweve)^| 
^g to ihc same syateiu, have been observed on cryittalfl 
well-known subsl&nce. So also the crystals of gyp^uD^| 
ami felspar, la most case^ present the forms alreaiSfl 
on page 142, allbnugh other forms are common, whictS 
ir, in each cnse nil belong to the same cry^taUine s^stenS 
iver find the same substance in the (brms of different sjoH 
Xtiept in those ca<es of poiymariibism already describe^H 
So, where the differeuces in other properties are bo gi's^l 
idies can no longer be regarded as the same subsiaQO^| 
substances crystallizing in llie isometric system ti^U 
Uine form ie oot so distinctive a character as it is in otb^H 
In this system the relative dimensions are isvariabl^| 
le octahedron, ihe dodecahedron, and the cube, more t^M 
oditied by difTei'ent replaeements, are tlie constantly r^H 
g forms. Even here, however, specific diftereuces m^H 
s be found in the fact that some substances affect hem^| 
forms on modification, while others do not In all the 
systems the dimensions of the cryi^tat (the relative lengths 
nxes and the values of the intei^xial angles) distinguish 
lubslance from every other. But here, also, the general 
:ent must be somewhat modified. 

frequently find on the crystals of the same substance 
1 forma having diiferont axial dimensions. Thus, on the 
represented by Fig. 56, belonging to the tetragonal 
there are three different octahedrons, and three cor- 
iding valueB of the vertiwil axis. Bui; if, beginning with 
loee of the octahedron O, we determine 
id which its vertical axis bears to the 
in length of the two lateral axes, and 
is value a. we shall find that the cor- 
iding values for the two other octahc- 
are 2a and ja respectively. More- 
[f we extend our study we shall also 
lat this example illustrates a genenil 
pie, and that l/ie erystcdline forme of 
a nAttanee inelude not only those of 
al axial dimfnsioiie, (ml also those whose din 
I other some simple ratio. 
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Tills most important Inw gives lo tliu sdence uf crj-sui!l"J 
rflpby a. iDHliii;iiiaiical basis, anil enables us lo apply the exlianifl 
five metbods of analytical geometry in discuasitig tbe variouB rH 
Inlions of tbe subject. Among the at'iua) forms of a gU en auil 
f^iaiioe we fix un some one as the fundamenini furm, and, takifld 
llie values of.it>' axial dimensions as our slaiidanla, wt wa|3j 
to express Ihe |iosi[ioDof the planes of all the poi^sibls fbnRltH 
means of very simple symbols, and al^o to express bj B faJB 
maiical formiilii.^ the relations of the interfauiiil auglei iKgfl 
^me fundaniL'[ital elements of tlie ciyi^Uil; eo diat lm^| 
may readily be calculated from the otben JH 

It may seem at tirst sight that the cryatallographjc dtatiriflH 
between diff'eieuC substances, insisted on above, is gmid]f^l 
Bcured by die important limitation? just made, But it tB an 
so, at lea^t Lo any great extent. Tbe selection of th6 fundH 
nienl.il form of a given substance is not arbitrary, althoagli it ■ 
bused OD considerations which it lies beyond tbe scope of tba 
book to discuss. Moreover, an error in this choice is not ftd 
dumental, since the true conception of tha form of a substand 
includes not only the fundamental form, but all tboite wbioh an 
related to il. This conception, though not readily embodied q 
ordinary language, is easily expressed by a general mathemu 
iciil formula, and is as tangible to one familiar with the subjeq 
as the general siaiement flrst made. J 

But however obscure, to those who are not familiar win 
mathemalical conceptions, may be the disiinciion between td 
forms of different substances in the same system, the difi^vod 
between tbe different systems is clear and delinite, and it I 
with this b]'oad distinction that we have chiedy lo deal io am 
chemical dasi'ifir'iition. I 

83. Irregularities of Crystals. — It must not be BupposM 
that natural crystals have the same perfection of fbrin au] 
regularity of outline which our figures might seem to indicau 
In addition to being more or less bruised or broken from aotd 
dental causes, crystals m'e rarely terminated on all sides, — odl 
or more of the faces being obliterated where the crystal is inl 
planted on the rock, or where it is merged in oiber crystal! 
But by far ihe most remarkable phase which the trregularitiM 
of crystals prei^ent ig that shown by Figs. 57 to 67. By con 
paring together the figures which have been here grouped n 
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n the page, and which represent in each case different 
f the same crystalline form, it will be seen that the 
a from the normal Ij'pe are caused by the undue de- 




ilopmenl of certain planes al the expense of their neiglibors, 
' by an abnormal growth of the crystal in Kome oyie direciion- 





Sach forms as these, however, allhough great departures 
Vom the ideal geometrical types, are in pertect Laraiouy with 

Fig. 62. 




le principlea of cryBlailography. The axis of a crystal i 
ta definite line, but a definite direction i and the face of 
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is not a plane of deflnUe size, but simply an estension ii 
definite directions. These directions are tlic only fundamen 
elements of a crystalline form, and tliey are pregerviGd und 

?ie. * 




is piov(;il by tbe constuncy of the inierfacii 
angles, and of the roodificntions, on crystals of the s 
stance, however irregular may have been the developmenL^B 

84. Tiein Crystals. — Every crj'stal appears to grow by tt 
slow accretion of material around some nucleus, which is UM 
n molecule or a group of m I 1 f he same substance,jH 
which we may call the cry 11 n 1 le or germ. 
must suppose that these m 1 1 b he same difieretion J 
different sides which we n 1 f Ily developed crystal,!^ 
which, for the want of a h ni vr may call polarity. 

B general rule, in the ngg ^ n f he molecules a ] 
parallelism of all the similar parts is preserved. But, if mol 
ular polarity at all resembles magnetic polarity, it may v 
that two crystalline molecules might become attached to e 
other in a reversed position, or in some other deflniie positiql 
dftermined by the action of the polar forces. Assume nowtbaj 
each of these crystalline molecules " gcrrainntes," and the n 
would be such twin crystals as we Bela,illy find in nature. ' 
result is usually the same ns if a crystal of the normal f 
were cut in Iwo by a plane havinsi a definite position lowi 
the crystalline axes, and one part turnrrt half round on 
oilier ; and twins of (his kind are therefore called beraitro 
Figs. C8 to 71. At olher times (he germinal molecules a 
to have become attached with their dominant axes at i 
angles to each other, ami then there resalt twins Riich as 
ig)4. 72 and 73 ; and many other modes of ti 
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e possible. Siinie subslancea are much more pronii to 
e formation of twin crystals than others, and the same sub- 
ince generally affects the same mode of twinning, which may 




thus become iin important specific character. The plane whii 
separates iho two members of a twin crystal, called the plai 





ning, has always a definite position, and is in every cas<t 
' " er to an actual or to a possible face on both of the 
olbrnis. 

n cr3'stalB always preserve the tame symmetry of group- 
f, and the values of the interfacial angles between the two 
B constant on crystals of the same substance, so that 
y might sometimes be mistaken for simple crystals by un- 
Jlised observers. There is, however, a simple crilcrion by 
1 ihey can be generally ilistingiiished. Simple crystals 
p have re-entering angli^s, and, whenever llicse 0(;cHr, iha 
S which subtend them must belong lo two individuals. 

i principle which leads to the formaiioti of twUi 

may determine the grouping of isevrrnl ^[enninal 

md lead lo the formalion of far mere complex com- 



binations. Frequently, as it would eeem, a large number of 
molecules arrange themselves in a line with iheir princqialr 
&xes parallel and their dissimilar ends together, and hence r 
fiull linear groups of crystals alternating in position, but so tumti 
into each other as to leave no evidence of the composite ehaPi 
acter except the re-entering angles, and frequently these an 
marked only by the striations on the surface of the reealtinf 
faces. Such a t^tructure is peculiar to certain minerals, anc 
the resnlting Btiiation frequently serves as an imporlant n 
of distinction. The onhoclase and the khnoclase felspara ai 
distinguished in this way. 

85. Crystalline Slructure. — The crystalline form of n bo^ 
is only one of the manifestations of ita crystalliiii 
This also appears in various physical properties, which are im 
quently of great value in fixing the crystal lograp hie reladontf 
of a substance, and such is especially the vasb when, on my 
count of the imperfection of the crystals, the crystalline form \A 
obscure. Of these physical qualities one of the most impoi 
tant Is cleavage. 

As a general rule, crystallized bodies may be split more e 
less readily in certain delinite directions, called planes of cl£ftv 
age, whicli are always pavailel either to an actual c 
sible face on the crystal- of ihe sub.stance, and are thus inti' 
mately associated with iis cryslalline structure. At limea thfl 
cleavage is very easily obtained, when it is said to be emirta^ 
as in the case of mifa or gyppum, which can readily he apUl 
into BKceedingly thin leaves, while in other cases it can onJjj 
be effected by using some sharp tool and applying considemblj 
mechanical force. With n few unimportant exceptions ihl 
cleavage planes have the ^ame position on all specimens of th^ 
same substance. Thus specimens of fluor-spar may be readily 
cleaved parallpl to the faces of nn octahedron, Fig. 5, those ol 
galena p rallel to 1 e f tecs of a cube, Fifr. 7, those of blende 
parallel to tl e laces of i dodecahedron, Fig. 6, and thos* d 
calc-spar pH allel to (1 e faces of a rhomhohedro 
these cases and n many oiliera, the cleavage is a more distiim 
live char o er tl a tl e 'xtemul form, and ca 
quently ob* rved and vie generally regard the form produoed 
by tho union of the several planes of cleavage as the funda* 
mental form of the substance, 

I, we always llnd lliut cleavage is obtained with eqiu 



CRYSTALLINE FORMS. 



153 



Bse or difficulty parallel to similar faces, and with unequal 
Bse or difficulty parallel to dissimilar fecca. Moreover, the 
IseimUar cleavage faces tbus obtained may generally be dis- 
bguished from each other by diffi^rencea of lu tre strialion, 
■d other physical character ; and such diatinciion-f are fre- 
■ently a great help in Btudying the cry-vliUographic relations 

■ a substance. Similar differences on the natural faces of 
IjrBtals are also equally valaable guides 

I But, of all the modes of investigating the crystalline structure 
f a body, none can compare in efficienty n ith the u-e of polar- 
led light. It is impns^ible to explain the theory of thi!< beau- 
nil application of the principles of optics without extending 
Us chaptfr to a length wholly incom^ialible with the design of 
■is book. It must suffice to say, that if we esatnine with a 
klorizing microscope a ihin slice of any transparent crystal of 
Kber the second or tliird system, cut parallel to the dominant 
BS, we Bee a series of colored rings, intersected by a black 
Kea, and it i-^ evident that the circular form of the rings 
■srera to the perfect symmetry which exists in these systems 
Blind the vertical axis. If, however, we examine in a similar 
■17 a slice from a crystal of one of the last three systems, cut 

■ a definite direction, which depends on the molecular structure, 
■d must be found by trial, we see a series of oval rings wilh 
■o distinct centres, indicating that the ayrametry is of a dif- 
bent type. Moreover, the distribution of the colors around 
m two centres corresponds in each case to the peculiarities of 
be molecular structure, and enables us to decide to which of 
^ three systems Ihe crystal belongs. 

Tlie USB of polarized light has revealed remarkable differ- 
nces of Birueture in diffi^rent crystals of the same substAnco, 
gllDecled with the hemiliedral modifications described above, 
me Figures 74 and 76 represent crystals of two varieties of 
blarie Roid, which only differ from each other in the position 
R two hemihedrni planes, and are so related that when placed 
fftore a mirror the image of one will be the exact representa- 
UPn of the other. The intermediate Figure, 75, represents the 
June crystal without these modifications. Since the solid 
O^te are all similar, we should expect to find them all modi* 
led siranltaneously ; but, while on crystals of common tartaric 
eid only the two front angles (as the figure is drawn) are re- 
|U|&i:A- variety of lliis acid hits been difiCD\e>x^ \\»:i\n3,%\'^>-- 



H lar ciyslals, wlio?e back angles only are modified. Now, it 
■ found that a solution of the common add rotates the plane ( 
H polarizalion of a beam of hght to the right, while a Bunilar S 

f Fie- "■ Fis, 75. FiB. 70. 
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lulion of this remarkable variety rotatps the piano of polaKl 
lion to the left. This difFerence of crystalline structure, mw 
over, 13 associated with certain small difierences Id the clieti 
cal qualities of the two bodies ; bnt the difference is bo dig 
that we cannot but regard Ihem aa essentially the same an 
stance, and the polarized liglit thus reyeala to ua the begumip 
of a difference of structure, which, when more doveloped, ma 
feats itself in the phenomena of isomerism. It is a remarkal 
fact, worthy of notice in this connection, that these two rarieti 
of tiir-tnri.7 acid chemically combine with each otiier, forming 
new substance called racemic acid. 

Questions. 
1. By what peculiar mode of symmetry may eacli of the rix MJ 
tttUine fystems be distinguished ? How may crystals belonging 
the lat ayntHm be recognized ? How may crjBtsla of the 2i, i 

the similnr planes around their tirminatious or dominant axa 

the system to which each of the crystals, represented by the Tario 
Hgunw of thiB chapter, belongs, and give the reason of your anav 
in every ease. 

a. We find in the mineral kingdom two diiTm-ent octahedral fen 
of titanic acid belonging to the tetragonal system. In one of tbe 
fbrma the ratio of the unet|ual axes is 1 ; 0.IU42, in the other it 






CHAPTER XV. 

ELECTRICAL RELATIONS OF THE ATOMS. 

86. General Principles, — If in a vessel of dilute sulphuric 
add (one part of acid to twenty of water) we suspend a 
plate of zinc and a plate of platinum, opposite to each other, 
and not in contact, we find that no chemical 
action whatever takes place, provided the Fig, 77. 

zIdc and the acid are perfectly pure. As 
800D, however, as the two plates are united by 
a copper wire, as represented in Fig. 77, chem- 
ical action immediately ensues, and the follow- 
ing phenomena may be observed. First : 
Bubbles of hydrogen gas are evolved from the 
surface of the platinum plate. Secondly : 
The zinc plate slowly dissolves, the zinc combining with the 
radical of the acid to form zincic sulphate, which is soluble in 
water. Lastly : A peculiar mode of atomic motion called 
electricity is transmitted through the copper wire, as may be 
made evident by appropriate means. If the connection be- 
tween the plates is broken by dividing the conducting wire, 
the chemical action instantly stops, and the current of elec- 
tricity ceases to flow ; but, as soon as the connection is renewed, 
these phenomena again appear. 

Similar effects may be produced by other combinations than 
the one just mentioned, provided only certain conditions are 
realized. In the first place, the two plates must consist of 
materials which are unequally affected by the hquid contained 
in the vessel, or cell ; and the greater the difference in this 
respect, within manageable limits, the better. In the second 
place, the materials, both of plates and connector, must be con- 
ductors of electricity ; and, lastly, the liquid must contain some 
substance for one of whose radicals the material of one of the 
plates has sufficient affinity to determine the decomposition of 
the compound in solution. 



Practically, Ihe combination first mentioned, with it h* 

flight modifications is (bund to be the beU adapted (urgeiwn 

use ; but, in order to bring ttie phenomeDa before cmr min^ i 

tbcir simplest form," we will assume — other things being tb 

same aci before — that the cotnpouad in win 

Pis. TB. + - "^ 

tion is hydrochloric acid, IfC3, since this COD 
ei^ts of a simple negative radical united ( 
a simple positive radical. In litis case lli 
spaee between the plates is filled with molt 
culei4 consisting of livdrogen and chlorin 
atoms, as is indicaled in Fig. 78, where w 
have attempted to represent by Bvmbols a single one of th 
innumerable lines of molecules of whicli we may conceive 8 
uniting the two |ilate8. The zinc plaie, in virtue of the poW9 
ful affinity of zinc for chlorine, attracts the chlorine atoa 
which rush towards it with immense velocity ; and the stidili 
arrest of motion which attends the union of the chlorine m 
the zinc has the effect of an incessant volley of atomic il 
against the face of Ihe plate. Each of Ihe atomic blom m> 
give an impulse to the molecules of the metal itself, which v 
be transmitted from molecule to molecule, through the materl 
of the plate and the connecting wire, in the tame way that 
fiboelc is Iranamitied along a line of ivory ball:!; and an 6lfl 
trie current, as we conceive of it, is merely a wire, or other co 
duclor, nUed with innumerable lines of oscillaUng raoleculea. 

But these very impulses, which impart motion to the i 
lie molecules, react on Ihe liquid, forcing back the hydrogt 
atoms towards the platinum, and the result is a constant I 
tathesis along the whole line of molecules between the ti 
plates ; so that, for every atom of chlorine which enters in 
union with the zinc, an atom of hydrogen is set free at ibe ffti 
□f the platinum plate. Thus wc Itave the singular phenom 
non produced nf two coexisting atomic rurrents througho' 
the mass of Ihe liquids, a stream of chlorine atoms constan 
Betting towards ilio zinc plate, and a stream of hydrogen eio 
jlowing in the opposite direction, in the same space, towai 
the plalinum plute. CorD-t^ponding to this motion in the m 
of the liquid ii tlio peculiar atomic motion in the metallic ci 
ductora. The two, for some unknown reason, are mutual] 
dependent i and tlie momuiil the connection is broken, si 
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(he motion (.-an do longer be transmilled through the con- 
ductor, tlie motion in the liquid itself ceases. As regards 
the mode of atomic moliou in ilie solid metallic conductors, we 
liave been unable to fonn any clear conceptions. Althougli 
apparently allied to heat, ihig peculiar mode of atomic motion, 
callud electricity, is capal)le of producing very different classes 
uf effects, and has the remarkable power of imparting to the 
unlike atoms of almost all compound bodies the *ame opposite 
motions which attend its first production. In our ignorance of 
iiA oalure, the direction we as^gn to the electric current ia in 
greiil measure arbitrary; and it is more probable that a two- 
fold L'tirrent coexists in the conducting wire, corresponding to 
tJial H hieh we have recognized as actually flowing through the 
liquid between the plates of ihe cell. The^e two currenlA have 
ID fact been diistinguished by different names ; that Howing into 
the conducting wire from the platinum, or ijtacttve plate, being 
called Ihe posiUve curi'ent, and lliat from the zinc, or nctivt 
plait, the negative currenL The^: names, however, are iniended 
rtd indicate merely some unknown oppotiiion of relations be- 
Veen the two liuea of moving aloras, and not an essential dif- 
I the mode of (he motion. Reasoning from certain 
i^anical phenomena, the physieislB originally assumed that 
e electrical curreut flowed in but one direction, that is, Ihrougli 
3 conducting wire from the platinum plate to the zinc, and 
the zinc plate through the liquid buck again to the plat- 
i and now. when the direction of the current is spoken of, 
■b Ihia direclion, that of the positive current, which is always 
pant. 

[S7. JSUctrieal CondncHng Power or Reaitlanee. — Different 
kterialB transmit ibc electric cui-rent with very different de- 
a of facility ; for while in aome this peculiar form of molec- 
r motion is easily maintained, in others the molecules yield 
Kit only with ditficnlty, and many substances seem not lo be 
ceptible of it The conducting powers of different metallic 
B have been very carefully studied, and some of the most 
Oelworlhy results are collected in the following table. Silver 
\t the best conductor known, and, assuming that a silver wire of 
md 100 centiroetPBS long is taken as the standard, 
; nomber oppo-ite the name of each metal is the length in 
metres of n wire made of this metal, and of the si 
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as the first, which will oppose the same resistance to the trans- 
mission of the current. The second column gives the relative 
resistances of wires of the same materials when of equal 8i« 
and of equal lengths. The relative or specific resistances of two 
such wires must evidently be inversely proportional to their 
conducting powers, and thus the numbers of the second colamn 
are easily calculated from those of the first. For the results 
collated in this table we are indebted to the careful investigar 
tions of Professor Matthiessen. 



Pure MetalR. 


Condacting Power. 


Specific Resistanoe. 

1 


At 0°. At HWlO. 


AtO°. AtlflO". ' 


Silver (hard drawn) 100.00 7 


1.56 


1.000 1.397 


Copper (Jiard drawn) 99.95 70.27 


1.0005 1.423 


Gold {hard drawn) 


77.96 55.90 


1.283 1.788 


Zinc 


29.02 20.67 


3.445 4.838 


Cadmium 


23.72 16.77 


4.216 5.964 


Cobalt 


17.22 




5.808 


Iron (hard dra wn ) 


16.81 




5.948 


Nickel 


13.11 




7.628 


Tin 


12.36 


8.67 


8.091 11.53 


Thallium 


9.16 




10.92 


Lead 


8.32 


5.86 


12.02 17.06 


Arsenic 


4.76 


3.33 


21.01 30.03 


Antimony 


4.62 


3.26 


21.65 30.68 


Bismuth 




1.245 


0.878 


80.34 1 13.9 


Commercial 
Metals. 


C.P. 
77.43 


1 

Sp. R.: c^. 


Iroi 


Commercial 
Metals. 


C.P. 


Sp. R. 


03. 

1 
1 


Copper 


1.291 18.8 


1 


14.44 


6.924 


20.4! 


Sodium 


37.43 


2.672 21.7 


Palladium 


12.64 


7.911 


17.2' 


Aluminum 


33.76 


2.962 19.5 


Platinum 


10.53 


9.497 


20.7 


Magnesium! 25.47 


3.926 17.0 


Strontium 


6.71 


14.90 


20.5 


Calcium 


22.14 


4.516 16.8 


Mercury 


1.63 


61.35 


22.8 


Potassium '20.85 


4.795 20.4 


Tellurium 


0.00077 


129,8(10 


19.6 


Lithium 19.00 


5.262 20.0lRed Phosphorus 


0.00000123 


81,300,000 24.0' 



If, next, we compare wires of the same material, but of dif- 
ferent sizes, we find that the resistance increases as the length, 
and diminishes as the area, of the section. Moreover, if we 
adopt some absolute standard of resistance, like that selected by 
the English physicist"?, we can easily express the resistance of 
any given conductor in terms of this unit. It must be remem- 
bered, however, in making such comparisons, that the resist- 
ance varies with the temperature, and also that the conducting 
power of the same metal is materially influenced both by its 
physical condition and by the presence of impurities. 
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^^ 88. 0/im't LaxB. — The first effect oi' llie cLemical forces in 
^Ke cell of an electrical combiiia.tiDU is to inaraLal tbe di^iuilar 
^Bomg of tbe active liquid between the plutes into line.°, which 
^■t once begin to move in parallel columns, but in opposite di- 
^BCtions (Fig. 78). Moreover, each one of the^e lines oi moving 
^Boms is coniinu^^d hy a corresponding line of osciUaling atoms 
^B the conducting wire, and tiius is fojiueJ a cuniiuuuuj circuit 
^Kturniug upou itself. The uoiua of all the lines of force in 
^■ke two opposite coexisting atreauis constitutes in any case the 
^Heclrioil current, and the different parts ol' thiii cunlinuoug chain 
^Ke so related that ike total amount of motion is alwayt the same 
^B every point on the circuit, and no more lines of moving atoms 
^^prm in the liquid between the plalei than can be continued 
^^bvugk the osciUating atoms of the solid conductors. 
^v If we adopt this theory, it is ohvious that the strength of any 
^Hectrical carrent must depend, — Ursl, on the number of con- 
^Hnnous lines of force, mid secondly, on the strength of the 
^■tomic blows U'ansmiited through each of these channels. Of 
^Bese two elemi.'nts, the first is determined solely hy the total 
^KslBtance which the various parts of the circuit oppose to the 
^Bectrical motion, and the greater this resistance the less will 
Bfc the number of tbe lines of force. The second element is de- 
^^rmined by the value of the resultants of all the chemical forces 
Kjuting in any combination, which impel the dissimilar atoms 
Howards the opposite plates, — a value which depends solely on 
^Pp ehemieal relations of the materials of the plates to that of the 
^^itive hguid, and is what is called the electromotive force of tbe 
^kmblnation, a quanliiy we will represent hy H. 
^■'It appears, then, from the above analysis, that an electrical 
^Btrent is a continuous chain, which is sustained in a regulated 
^n4 equable motion in all its parts by the chemical autivity in 
^Bb cell, and that the strength of this current at any point of the 
^BivB mu>t he directly proportional to the electromotive three, 
^Ed iiiverr<ely proportional to the sum of the resistances through- 
^Bt.the circuit. If, then, we represent tbe resistance in the con- 
flicting wire by r, tbe resistance of the liquid between the plates 
^Kthe cell hy R,^ and also the strength of tbe current by C, we 
Hptll have, in every case. 



-p. + r 

ly circuit mny be com 



liently divided iiitc 
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The quanlities C, S, r, and E may all be accuraiely muusurp^ 
and itand in eacb cai^e for a ccrtaia number of arbitrary units 
whust! relalioDS will heruafler be staled. I 

89. JUectromotiee Force and Strength of Current. — Itwoafl 
eeem at first eight ua if ihe strength of au electric current mtM 
be increased by simply enlarging the size of the plates in tla 
combinaUon employed, and obviously tiie number of poium 
Unes of mo\iii^ atoma which could be mursIiiiUed in the liqQH 
between the plaiea would thus be iutreascd ; but, as has bet^ 
staled, ibe parts of the circuit are so iutiaialely coonecled th^ 
DO greater number of lines of atoms can form between the pktd 
than can be continued through the whole circuit, and practicallj 
ihcre may be tbrmed between the Emaltest plates a vastlygreaia 
number of uiomic liaes than can be continued through any coa 
ducior, however good its quality or however ample ita hm 
Hence it is, that by iucre:i£ing the eize of the ptatea we nuil 
liply the lines of force only in so far as we thereby lessen tu 
resistance in the liquid part of the circuiL We thus dmw 
lessen the value of R in Ohm's formula £62] ; but if this vaia| 
is already small as compLired with r, that i^ if the re^iistance S 
the cell is small compared with that in the cnudnctor, no tniili 
rial gain in the power of the current, or in the value of C, n| 
result. On the other hand, if the exterior ^eBi:^tance, r, is amn 
or nearly nothing, as when the plates are connected by a tUS 
metallic couducLur, then the value of C will increase in tec 
nearly the same proportion as the size of tlie plates is enlarn 
and the value of R, in consequence, diminished. Under Uid 
conditions, the uumlier of lines of moving atoms is greatly md 
liplied, and we obtain a current of very great volume, but tm 
flowing wiib the limited force which the single cell is cHpnl 
of maintaining. Such a current has but little power of OVQ 
coming obstacles : and if we attempt to coudeu.~e it by usinffi 
smaller conductor, we reduce, as has been said, the cheinid 
action wlu<:h keeps the whole in motion, and thus lessen 11 
volume of [lie flow. This is generally expressed by sayid 

first, the rciieCaiice o! Ihe conductine wire, and «eoand1v, the re^atanM ef ■ 
liquid portlDn of Ihe circa it txrl ween tlia twn pUiCe9 uf tlTe aeU. TberadiUia 
ortlie BOlid coDduclor niny be reiniil^' catimuLBd un cho principles ata(«dUia 
lut Beotion, and Ihe reBistauCB of liqnid may lie mcH^urod iii u BimOu «■ 
Thv last depends. — 1. On tUeunnducLiagpowerofliie liquid; 2. OutUolGnji 
of the liquid oin'uit, which In dstprmliied by Ihe distiuice uparl of tti* ntUB 
8, On Ihe urou of the scctlou of Ihe llqiid cDudactor, nhlch i* detemiuMl 
thoaize of the plates; and,*. Un ihe temperataro. 1 
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tat the current, has large quantity, but small intensity, or more 
Jfoperly, electromotive power. 

I It must DOW be obvious from the theory, that we cannot in- 
e efFectivelj the intensity of a current (its power of over- 
ming obstacles) without in some way increasing the chemical 
sity, or, in other words, the electro-motive force of the com- 
itiatton employed, and Ohm's formula leads to the same result, 
I the value of r in our formula ia very large as compared 
|ith R, we cannot increase it still farther without lessening the 
tal value, C, unless at the eame time we increase the value 
Now, this electro-motive force may be, to a certain es- 
IDt, iacreas^ by using a more active combination; but the 
'a this ffirection is soon reached, and ihe construction of 
J cell which has been found practically (o be the moat effl- 
iot will he described below. 
I "We can, however, increase the effective electro-molive force 
I almost any extent by using a number of cells, and coupling 
D together in the manner represented bjr Fig. 79, the plati- 
Q plate of the first ceU being united by a large metallic con- 
tor to the zinc plate of the second, and so on through the 
be, nntil finally the extenial conductor establishes a cotmec- 
bii between ibe platinum plate of the last cell and the zinc 
e of the first. Such a combination as this is called a Gal- 
ic or Voltaic ' battery, and the current which flows through 
b a combination has a vastly greater power of overcoming 
e than that of any single cell, however large. 
I The mcreased effect obtained with such a combination will 



i easily understood, when 
innmerable dosed chains of 
[ molecules now es- 
ihrough the whole 
gonbinatioD, and that all its 
jHtrts move in the same close 
butual dependence as be- 

But whereas with a single cell the motion throughout 
ly single chain of molecules is sustained by the chemical 
rgy at only one point, it ia here reinforced at several points; 



s remembered that each of the 



i¥¥¥i 



and where before we had a siogle atomic blow, we have 
a number, which siraulianeously send dieir united energy 
one and the same line. The effective ek-ctro-tnolive power 
then increased in proportion to the number of cells ; and tl 
effect on tlie current would be increased in the same proportio 
were it not for the fact that the current must keep in motion 
greater mass of liquid, and hence the resistance is increased : 
the same time. The value of this resistance, however, 
estimated, since it is direcllj proportional to the distance tliroui 
which the current has to flow in the liquid j and hence, if ih 
liquid is the eame in all the cells, and the plates are at tl 
same distance apart in each, the liquid resistaiwe will be 
times as great in a combination of n cells as ]t is in oil 
Moreover, since the effective electro-motive force is n times I 
great also, while the external resistance remains unchange 
the strength of the current from such a combination will stil 
be expressed by formula [B2] slightly moditied. 



nB 



[63] 



This formula shows at once, that, when the exterior rem 
anee is very small, or nothing, very little or no gain will Mat 
from increaaing the number of cells, for the ratio of nE to n 
is the same as that o{ S! to S ; and, under ?uch conditions, i 
order to increase the strength of the current, we must increi 
the surface of the plates. If, on the contrary, the exterior 
Bistance is very large, the formula shows that great gain v 
result from increasing the number of ihe cells, and that D1 
or no advantage will accrue from enlarging the surface of I 
plates. Moreover, the formula enables us in any case fo i 
termine what proportion the number of cells should bear to I 
size of the plates in order to obtain the full effect of any 
in doing a given work; and in the nuraerous applications i 
electricity in the aria wo find abundant ii lustrations of tt 
principles it involves. The methods used in finding the valm 
of the quantities represented in the formula lie beyond tl 
scope of this work, and for such information Ihe student is n 
ferred to works on Physics. '^ 

90. Constructions of Ctllt. — It is found praclically that tb 
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lie combination of plates and acid first described must be 
htly modified in order to obtain the best results. 
'n iiiB first place, bolh the zinc and sulphuric acid of com- 
rce contain itiniurities, which give rise to what is called 
il action, and cause ihe zinc to dissolve in the acid when 
battery is not in action. Fortunately, however, il has been 
tkd that Buch local action can be wholly prevented by care- 
y amalgamating the surface of the zinc and filtering Ihe 
lulated water. 

rhe mercury on the surface of the zinc plates acts as a sol- 
it, and gives a certain freedom of motion to the particles of 
metal. These, by the action of the chemicul forces, are 
ight to Ihe surface of the plate, while the impurities are 
Bd back towards the interior, so that the plate constantly 

a surface of pure zinc to the action of the acid, 
ly filtering we remove the parliclea of plumbic sulphate 
sh remain floating in the sulphuric acid for a long lime 
r it has been diluted with water, and which, when deposited 
the surface of the zinc, become points of local action, even 
ken the plates have been carefully amalgamated. 
In the second place, the continued action of the simple cora- 
Btion first described develops conditions which soon greatly 
air, and at last wholly destroy, its eflieiency. 
rhe hydrogen ga?, which by the action of the current is 
Ived at the platinum plate, adheres strongly to its surface, 
! with its powerful affinities draws hack the lines of atcma 
nng towards the zinc plate, and thus diminishes the elfec- 
1 electro-motive force. Moreover, after the battery has been 
4ing for some time, Ihe water becomes charged with zindc 
)hate ; and then the zinc, following the courae of the hydro- 
, is also deposited on Ihe surface of the platinum, which 
T a wiiile becomes, to all intents and purpose^ a second 
! plate, and then, of course, the electric current ceases. 

of these difficulties, however, have also been sar- 
inted by a very simple means discovered by Mr. Grove, of 
idon. The Grove cell, Fig. 80, consiala of a euviular plate of 
I well amalgamated on its surface, and immersed in a glass 
oontaining dilute sulphuric acid. Within the zinc cylinder is 
a cylindrical vessel of much smaller diameter, made of 
la earthenware, and filled with the strongest nitric acid, 
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uid Id this hangs ihe plate of plalioum. Fig. 81. The walk o( 

Fig. ao, Rg- 8L 



I 



the porous cell allow both the hydrogen and ihe zinc atoms ' 
pass freely on their way to the platinum plate ; but the mome 
they reach the nitric Rcid they are at once oxidized, and tlii 
the surface of the platinum id kept clean, aod the cell in coii( 
lion to exert its maximum electro-motive power. In thia ow 
hination we may substitute for the plate of platinum a pli 
of dense coke, such as forma in the interior of the gas retw 
which IB very much cheaper, and enables ua to construct lai 
cells at a moderate cost. The use of gas coke was first BO 
gested hy Professor Bunsen of Heidelberg, and the cell 
constructed generally bears his name. The Bunsen cdl, bu 
as is represented in Fig. 82, is exceedingly well adapted for t 

Rg- 83. 
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I muform size, the zinc cylinders being about 8 c. m. in diameter 
■by 22 c. m. high, and they are frequently referred to as a rough 
mdard of electrical power. They may be united so as lo 
:)duce effects either of intensity or of quantity. The inten- 
y effects are obtained iu the manner already described (see 
Wig- 79), and the quantity effects are obtained with equal readi- 
; since by attaching the zinc of several cells to the same 
Hie conductor, and the corresponding coke plates to a 
milar conductor, we have the equivalent of one cell with large 
Many other forms of battery, differing in more or less 
tnportant detaib from those here described, and adapted to 
jKdal applications of electricity, are used in the arts, and are 
ally described in the larger works on physics. 
I 91. EkctroU/sii. — As has been already stated, the electrical 
rent baa the remarkable power of imparting to the unlike 
.8 of almost all compound bodies motion in opposite direc- 
as, like that in the battery cell itself, and this, too, at what- 
r point in the circuit they may be introduced. The galvanic 
nttery thus becomes a most potent agent in producing chemi- 
cal decompositions, and it is in consequence of this fact that the 
theory of the instrnment fills such an important place in the phi- 
loBophy of chemistry. 
■ If we break the metallic conductor at any point of a closed 
B^'Circuit, the two ends, which in chemical experiments we usually 
V^Rrm with platinum plates,' are called poles. The end con- 
^tiected with the platinum or coke plate, from which the positive 
current is assumed to flow, is called the posilive pole, and the 
end connected with the zinc plate, from which the negative 
mrrent Sows, is called the negative pole. Let us assume 
t Fig. 83 represents the two platinum poles dipping in a 
volution of hydrochloric acid in water, which 
thus becomes a part of the circuit. The ^- ^' 

ioment the circuit is thus closed, the ^and 
Ltoms begin !o travel in opposite diree- 
g, just as in the battery cell below. The 
rdn^n atoms move with the positive cut^ 
t towards the negative pole, and hydro- 
1 gas is disengaged- from the surface of 

e plattiium plates bflcaaiB this metal 
in with the ordinHry chomioal Bgant3. 




i plaie, while the chlorine atoms move wiih i^ 
negative citrreiU. lowaiiis the posiUve pole, and chlorine pt 
is evoked from the surl'nce of the positive pl^te. More- 
over, it will he noticed that each kmd of atoms 
eaine direction on the closed circuit, that U, follows the course 
of the same current, hoth in the battery cell below aud in tlif 
decomposing cell above ; and wherever we break the circuit, 
and at as many places as we may break it, the same jihenomet 
may be produced, provided only that our battery has 
power to overcome the resisiance thus introduced. 

If next we dip the poles in water, the atoms of the 

will be set moving, as shown in Fig. 84; hj 
■a ' ' p drogen gas escaping as before from the ne^ 

J t ative pole, and oxygen gas from the poHidv* 

to o o a o I ^^^ ^■"'i however, that pure water oppc 
I H,H,H,H,H,hJ a very great resistance to the i 
I I current ; and, unless the eurre 

intensity, the effects obtained are inconsidef 
able. But if we mix with the water a little sulphuric add, tJ 
decomposition at once becomes very I'apid ; but then it is U 
atoms of the sulphuric acid, and not those of the water, whi{ 
are set in motion. The molecule H^SO^ divides into H^ ai 
SOi ; the hydrogen atoms moving in the usual direction, bi 
the atoms of S0^ in the opposite direction. As soon, howeva 
as the last are set free at the positive pole, they come i 
contact with water, which tht'y immediately decompt 
2/rjO+25'0, = 2-ffj5'Oi+ 0-0, and the oxygen gas thi 
generated eacapes from the face of the platinum plate. Thn 
the result is the same as if water were directly dccomposei 
but the actual process is quite different. * 

So also in many other cases of electrolysis, — as these decoo) 
positions by the electrical current are called, — the prooeaa J 
complicated by the reaction of the water, which ii 
medium employed in the experiments. Thus, if we intecpcM 
between the jiolea a solution of common salt, Na CI, the cUorii 
atoms move towards the positive pole, and chlorine gas is tbei 
evolved as in the first example. The sodium atoms move tit 
but in the opposite direction. As soot), however, as they a 
set free at the negative pole, they decompose the water present 
hydrogen gas is formed, which escapes in bubbles from tfa 



^a 



Fig H5. 
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itinum plate, while sodic hydrato (caustic 8oUa) 
lulioQ, 

2-ff -f 2Na = 2ff, Na-0 -\^ H H 



We add but oup otlier eiamjile, winch iliustratea 
iportoDt application ot Che-<u pnnciplea in the arts 
.me, in Fig 8a, that the positive 
lie is armed with a plate of copper, 
id Ihat to the negative pole haa beea 
Blened a mould of some medallioQ 
B wish to copy, tlie surface of which, 
leoBt, ia a good conductor. We 
sume further that both copper plate and mould are sua- 
rnded in a solution of sulphate of copper, Cu^SOi. In this 
,se the atoms of the compound are set in motion as before. 
hose of copper accumulate on the surface of the mould ; and 
last the coating will attain each thickness that it caci be re- 
eved, fiiroishing on exact copy of the original medallion. 
iwhile the atoms of S0^ have found at the positive 
lie a mass of copper, with whoiie atoms they have combined ; 
id thus fresh sulphate of copper has been formed, aad the 
lution replenislied. The process has in effect consisted in 
transfer of metal from the copper plate to the medallion ; 
id, by using appropriate solvents, silver and gold can be 
insferred end deposited in the same way. 
In all these processes of electrolysis, one remarkable fact has 
len observed, which haa a very important bearing on the 
eory of the battery. If in any given circuit we introduce a 
of decumpofing cells, containing acidulate<l water, we 
id that in a given time exactly the same amount of gas is 
olved iu each ; thus proving, what we have thus far assumed, 
Rt the moving power is absolutely the same at all points on 
e circuit. Moreover, th>: amount of gas which is evolved 
decomposing cell in the unit of time is an ac- 
of the sirengiii of the current actually flowing 
any circuit, and tliis mode of measuring the quantity of an 
sctrical current is constantly used. 

We should infer from the facts already stated, and the prin- 
llle has been conlirmed by the most careful experiments, iliat 
a chemical changes which may lake place at different points 
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3. tt ia founilb)' experiment that ft wire of German silver, I.SOl 
m, long aud 1.5 m. m. Uisimeter, opposes the same resistance W tha 
current as a wire of puru silver 10 m. long and ^ m. m. diameter. 
What is the Sp. R. of German silver. Ans. 13.5. 

4. It is required to make with 133.B grammes of pure silver, 
wire whiiih will offer a resstnnce of SI anits. What must be i 
length and diamelcr? Sp. Gr. of silver^ 10.57. 

Solution. Representing by x the length in metres, and by g ths, 
diameter in millimetres, -we deduce by l^'i'/x^- 10.57 = 133.8 and' 
by the laira of conduction -j ^= 81. Whence a = 36 m. and y 

^ 5. What is the length and diameter of an iron ■wire weighing 
97.38 grammes, which offers a resistance of 9,072 units 'i* It ia known 
that the Sp. Gr. of the iron = 7.75 and its Sp. R. = 7. 
Ana. Length, Ml m. Diameter, 

6. From a given wire there are four branches, of which the re- 
sistance is respectively 10, 30, 30, and JO. Required the i 
renstance when the current passes Bimultaneoosly through the 
branchea. 

Solution. The resiatant^e in the first branch may be represented 
by Q normal silver wire 10 m. long and 1 m. m. diameter. 
call the area of a transverse section of this wire a, then the redsU' 
ance in the other three branches will be represented by normal wire* 
of the same length, but having on the cross sectioos the areas}; 
\s and \s respectively. If nest we coneeive of these wir«8 i 
merged in one, having the common length 10 m. and an area on th 
section equal to (1 + J + J + }) s, it is evident that such a wii 
will represent the resistance required. Hence we easily deduce, 

7. A closed circuit has two branches through which the 
passes simultaneously. In one branch r = 100. What length 
copper wire 6 m, m. diameter must be used for the other that t 
total r ■- 50 ? Ana. 2,S00 metres. 

8. A conductor has two branches, one having R = 75G, the oth .. 
so adjusled that when the current passes at the same time throogl 

jf both, the total resistance equals 540. Required the length of a Gen 
■S^ man silver wire } m. m. diameter and Sp, R. ^= 12.5, which, when 
inserted in the adj usted branch, will increase the lolal resistance to 630. 

Solution. By principle of last problem we ea-^ily Und that I 
resistance in tlie adjusted branch before insertion equals 1,890, « _ 
after insertion. 3,780. The difference between these values, 1,89(( 
is the resistance due to the inserted wire. Hence its length U"-' "" ' 
B7.8n)-- - 



We have & battery of iix Caniella cells, in eatih of •'hich 
47j, R = 15, and tbe i^xternal resistance agaiDst wbich tbe 
battery is to work, r ^ 10. Tbe cells may be arranged, 1st, as six 
ringle elements ; 2il, as tbree double elements ; ' Sd, as two three-fold 
lementa; 4lh,aa one six-fold element. Required thecuirentstrength 
k each cose. Ans. 28.5, 13.8, 47,5 and 38.0 respectively. 

10. We have a hattary of twelve Grove cells, in each of which 
I = B30, and R ^^IH, to wort againat an external resistance of 
>= 21. Hequired the strength of corrent when the cells are ar- 
ranged, let, as twelve single; 2d, as six two-tbid ; 3d, as four three- 
!bld; 4Cb, as three tour-fold ; 5th, as two six-fold, and 6th, as onq 
hrelve-fbld eletaent. 

Ana, 41.5, 63.8, 69.2, 6G.4, 55.3, and 32.5 respectively. 
With a single cell, where £! and R have a uonstant value, 
is the maximum strength of current, and under what condir 
would it be obtained ? 

Ans. -jT , when tbe external resistance is nothing. 



■ H 

n cells in each of which E ai 
inasimum strength of curre 
it be obtained 'I 



I, and under what condi- 



ilil element. 



Adh, n n , when the cells are arranged a 

and work againat no external resistance. 
IS. Wilh n cells aa above, working against a given external n 
loe r, bow should they be arranged so as to obtain the a 
ilueofC? 
Ans. So aa to make the internal resiatanco equal to that of the 

external circuit. 
Solution. If irepipsenlsthe number of eompoond elements formed 
itli the n cells when C in Olim'a formula is a maximum, we should 
ddentl}' have under this oondition x compound elements, each 

of- cellfl. The electromotive force of such an arrangement 
mid be zE. The internal resistance would be zii-^-= - R 



problems S and 9), and the strength of the 
repaired, 



^1' + ' 



cells conplod for quantity 
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Tha Vist dijlerentia] coefficient of thia fsnction of x when C a i 
masimuin muet be equal lo zero. Hence, 



H 






That is, the atrength of the current is at its maximum when the in- 
ternal equals the external resistance, as stated above. Those who 
are not familiar with the elementary principles of the differential 
calculus maj' satisfy themselves of the truth of this result by com- 
paring the answers obtained to problema 8 and 9. 

14. We have, in the first place, for a single cell of a ^ven combi- 
nation working against a feeble resistance, the value C = p-^ 
in the second place, for n cells of the same combination working 
against n times the resktanee, the identical value C = ■ - ^ -^ — . I^ 
"sirertglh" the two ciuxenla are equal, but are they identical' 

15. In a given cell £^=475; R = 15. The current passes 
through 30 metres pure copper wire 2 m. m. diameter. It is le 
quired to arrange 8 cells so that C may be the greatest poBsible. 

Ads. They should be Sirranged aa two four-fold elementii 
1 e. We Lave a battery of four Bunsen cells (E = 800, fl =- * 
each), coupled as four single elements. Tbe circuit is closed tbroodii 
500 grammes of pure copper wire.- Required the greati stpa "' 
of current, and tbe dimensions of the wire that this maa-^um nuty 
be obtained. a 

17. A simple Voltaic cell, whose electromotive force E is knomi, 
working againat an unknown total resistance R' (both external and 
internal), produces a given effect upon a galvanometer. Anothar 
cell differently constructed, working agamat a total resistance ~" 
also unknown, produces the same effect upon the galvanometer! 
is also observed that a measured length I of normal CD])per wire, jn- 
eerted in the fimt circuit, produces on the galvanometer the e 
dill'erence of effect as a length /' inserted in the second circuit. 
Required tha electromotive force E" of the second cell. 
Solution. We easily deduce from Ohm's formula the two equatione 



= DH and n-j—j = i/ti , ;ii whence me obtain, - 



^ = fl"™« j?-+l 



Ans. E' =^E Y 



18. Id order to determine tbe electromotive force of a Bonsen'a 
mpared, as in last problem, witb a Diiniell'a cell whoae 

lectromotive force was known to be 470. Aflier adjusting the ex' 
o that botb produced the same eSeet upon the 
IS found tbat tho insertion of 5.6 m. of copper 
ire into the first circuit cnusecl the Eame change in the instrument 
ilhe insertion of 3.29 metres of the same wire in the circuit of the 
lanielle cell. What was the electroniotiTB force sought ? 

Ana. 800. 

19. A battery of 40 Bunaen'a cells remains closed for an hour, and 
aring that time furnishes a current whose strength C= 30. Mow 
lach line will be consumed in this time, assuming that there is 
a local action ? 

SolulJon. Such a current would produce, by the electrolysis of 

ater, 30 cTm.' of gas in one minute, or 1.8 litres in one Lour. Of 

this gas 1.2 litres or 1.2 critlis would be hydrogen. The chemical 

equivalent of zinc being 33.6, the amount of zinc dissolved in each 

must be 1.2 X 32.6 =39.12 criths, and in the forty cells 

4.8 criths, equal to 140 grammes, tbe answer required. 

80. In an electrotype apparatus. Fig. 85, 16.36 grammes of cop- 

»■ were deposited on the negative mould in 24 hours. What was 

.e strength of current 'f Ans. 6 units. 

SI- la an electrotype apparatus the electromotive force of the 

igle cell employed is 420, and the internal resistance 5. Tbe ex- 

rsal resistance, including decomposing cell, is 0.25. How much 

ipper will be deposited on the negative mould in one hour, and 

T much zinc' will be dissoWed in the battery during the same 

e ? Aqa. 9.038 grammes copper and 9.346 grammes of rinc. 

22. Thirty-two Grove cells (E = 830, TJ = 20 each) are con- 
is 4 eight-fold compound elements and the current employed 

twork an eleetro-ailvering apparatus, in which the total resistance 
mal to the battery was equivalent to 10. Required the number 
eg of ailver deposited each hour, and the number of grammes 
iC dissolved during the same time in the battery. 

Ans. 64.24 grammes of silver and 77.5G grammes of zino. 

23. Assuming that the external resistance cannot be chimged, 
puhl the same number of cella of the battery described in last 
rohlem be so arranged as to deposit more silver in the same lime ? 

Ana. They could not. 
Could they be bo arranged as to deposit the same amount of silver 
Sth leaa expense of zinc ? What would be the moat economical ar- 
and under these conditions how much silver would be 
I one hour and how much zinc dissolved ? 
o last question, 30.2£> grammes ulver, and 9.16 grammes 



CHAPTER XVI. 

KELATI0N3 OP THE ATOMS TO LIGHT. 

92. Liffht a Mode of Atomic Motion. — It lias already been 
intimHtiid (§ 53, nole), that the phenomena of vision are the 
cfiWcis of an atomic motion transmitted i'rom some lumi 
body lo the eye through continuous lines of material pai-ticles, 
and such lines we call raya of light. This motion may origi- 
nate with the atoms of various substances f but in order to. 
explain ils transmission, we are obliged to assame the existence 
of a medinm filling all space, of extreme tenuily, and yet 
haying an elasticity sufficiently great to transmit the luminoaB- 
pulsations with the incredible velocity of 186.000 miles 
second of time. This medium we call the ether, but of its 
existence we have no definite knowledge except that obtained 
through the phenomena of light themselves, and these requira 
assumptions in reganl to the constitution of the ethereal medium 
which are not realized even approximately in tlie ordinary 
forms of matter; for while the assumed medium must bO 
vastly lesa dense than hydrogen, ils elasticity must surpass that 
of steel. 

According to the nndulatory theory, motion is transmitted 
from particle lo panicle along the line of each luminous wave 
very much in the same way that it passes along the line of 
ivory bails in the well-known experiment of mechanics. The 
ethereal atoms are thus thrown into waves, and the order of 
the phenomena is similar to that with wliich all are familiar 
in the grosser forms of wave motion. But in this connection 
we have no occasion to dwell on the mechanical conditions 
attending the transmission of the motion. Tiie motion itself 
may he best conceived as an oscillation of each ether particlft 
in a plane perpendicular lo [he direclion of the ray, not 
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necessarily, however, in a straiglit line ; for the orbit of the 
oscillating molecnle may be either a straight line, an ellipse, or a 
circle, as the case may be. Stich oscillations may eTidenlly 
differ both as regards their amplitnde and their dunitioa, and 
on these fundamental elements depend two important diHerences 
in the effect of the motion on the organs of vision, viz. intensity 
and quality, or brilliancy and color. 

F our theory is correct, it is obvious that the intensity of 

luminous impression must depend upon the force of the 

ktomio blows which are transmitted to the optic nerves, and it 

' :o evident that this force must be proportional to the 

e of the velocity of the oscillatiug atoms, or what amounts 

to the same thing, to the square of the ampiiimle of the 

itillation ; assuming, of course, that (he oscillaiions are 



The connection of color with the time of oscillalion ia not so 
Dbviotis, and why it is that the wavea of ether healing vrith 
■ leas rapidity on the retina should ]>roduce Buch 
as those of violet, blue, yellow, or red, Ihe physiologist 
B wholly unable to explain. We have, Jiowever, an analogous 
ihenomeDon in sound, for musical notes are simply the effects of 
r beating in a similar way on the auditory nerves; 
Rud, as is well known, the greater the frequency of llio beats, 
1 other words, the more rapid the oscillations of the 
tsrial molecules, the higher is the pilch of the note. Red 
asponds to low, and violet to high iioles of music, 
, the gradations of color between these extremes, passing 
)Ugh various shades of orange, yellow, green, blue, and 
bidigo, con-espond to the well-kDown gradations of musical 
Edtch. 

From well-established data we are able lo calculate the 
jTspidity of the oscillations which produce the dilfrrent sensa- 
tions of color, and also to estimaie the corresponding lengths 
ether waves, and the following table contains the 
faults. It mu?t be understood, however, that these numbers 
toerely correspond to a few shades of color definitely marked 
B the solar spectrum by certain dark lines hereafter lo be men- 
lOaed: and that equally definite values may be osfigued to 
llfi infinite number of intermediate shades which intervene 
a these arbitrary subdivisions of the chromatic scale. 
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93, Natural Colors. — It fiitlow8,aa a necessary coneeqi 
of the fundamenial laws of mechanics, that an oscillatiug 
culc can only transmit lo its neighbor motion whicli is isocbranoi 
with its own. Hence a single ray of light can only produce a de 
inite effect of color, and this quality of the ray will be preserye 
however tar the motion may travel. A beam of light is simplj 
S bundle of rays, and if the motion id isochronous ia all 
parts, that is, if the beam consists only of rays of one shads 
color, auch a beam will produce the simplest chroDoatic seai 
tion possible, — that of a pure color. If, however, the 
contains raya of different colors, we shall have a more coi 
effect, and the infinite variety of natural tints are thus proiluoe 
When, lastly, the beam contains rays of all the colors tningli 
in due proportion, we receive an impression in which no aing 
color predominates, and this we call white light. 

The colore of natural objects, whether inherent or impi 
by various dyes, are simply effects upon the retina prodnced 
the beam after it has been reflected from the surface or tta 
mitted through the maaa of the body, and the peculiar 
effects are due to the unequal proportions in which the di 
fijrent colored rays are thus absorbed. The color reflected, m 
that absorbed or transmitted, are always complementary i 
each other, and if mingled they would reproduce white. It i 
obvious, moreover, that no beam of light, however modified ^ 
reflection or transmission, could produce the sensalion of i 
given color, if it did not contain from the first the 
ing colored rays. Hence it is that the colors of objects cml' 
appear naturally by daylight, and when illuminated by 
monochromatic light, all colors blend in that of this one pui 



94. Chromatic l^ectra and Spectroscopes. — When a 
of light is passed through a glass prism placed aa shown in 
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86, it is not only refracted, tliiit is, bent from its original rectilinear 
course, but the colored rnys of which the beam consists, being 
bent unequally, are separated to a greater or less extent, and fall- 
ing on a si^reen produce an elongated image colored with a suo- 
ceasion of blending tints, which we call the spectrum. The red 
rays, wbich are bent the least, are said to be the least refran- 
ffiiie, while the violet rays are the masl refrangible, and inter- 
luediale between these we have, in the order of refrangibility, 
the various tints of orange, yellow, green, blue, and indigo. 
Thus a prism gives an eaay means of analyzing a beam of 
light, and of discovering the character of the rays by which a 
given chromatic effect is produced. Such observations are 
very greatly facilitated by a class of instruments called spectre- 
Bcopes, and Figs. 87 and 90 will illustrate the principles of 

In the very powerful instrument first represented, the beam 

of light 13 passed in succession through nine prisms (each 

having an angle of 45°), and the extreme rays are thus widely 

Miparated, while the beam itself is beni arnnnd nearly a whole 

mference. The only oilier essential parts of the instru- 

uit are the collimator A and the telescope B. The light first 

piters the collimator through a narrow slit, and having passed 

ragb the prisma is received bj the telescope. The tele- 

l^e is ai^iuted as it would be for viewing distant objects, 
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aai a lens bC tlie end of the collimator serrea to a 
rays diverging Irum the slit parallel, so that wtlM 



tubes are in line, one sees itirough the 
nified image of the slit, just as if the 8lit were 




I 

■ dutance. In like mnnner when the telescopes a _ ^ 
P in Fig, 86, and whan thn tight before reaching the t 




lasses through the whole aeries of prisms, we still see a single 
lefinite image whenever the slit is illuminated by a pare 
nonochromatic light. Moreover, this image haa a (lefinite 
>03ttion in the field of view, whieh, when the instrument is 
■imilarly adjusted, depends solely on the refrangibility of the 
ight. 

Thus, if we place in front of the slit a sodium flame, which 
imits a pure yellow light, we see a single yellow image of this 
ongitudinal opening, as in Fig, 89, Na. If we ni^e a lithium 
lame, we see a similar image,' but colored red, and at some 
listance from the first, to the Icf), if the parts 



I Fig. 88. If T 



t thaliu 






like r 



, and falling cor 
ither two. If now 
lames simultaneously, 
a relative position 
1 Ttie wcMid image ahovia 



tier see a single image, but colored 
iderablj to the right of both of the 
'e illuminate tlie slit by the three 
re see all three images at once in the 
IS before. So also if we examine the 



I Fig. B9, Li u not ordiooril/ u 
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flanie of a metal, which emits raya of several definite degrefl 
of refrangibility, we see an eqnal number of defiaita imagl 
of the slit. If, next, we illaniinale the elit with sunligfl 
which coulains rajs of all degrees of refmngibility, we see iM 
infinite number of images of the slit spread out along the tiefl 
of view, and these, overlapping each otlier, foi-m that contiooofl 
band of blending colore which we call the solar spectrum, fl 
lastly, we examine with our instrument the light reflected frol 
a colored surface, or transmitted through a colored mediiufl 
we al^o see a band of blending colors, but at the same time n 
observe that certain portions of the normal solai' spectrum aa 
either wholly wanting or greatly obscured. I 

With a spectroscope of many prisms like the one repreeenta 
by Fig. 87, we can only see a small portion of the spectrum ■ 
once. By moving the telescope, which, fastened to a metaln 
arm, revolves around the axis of the instrument, diSereu 
portions of the spectrum may be brought into the field of view^ 
while a vernier, attached to the same arm and moving overa 
graduated arc, enables us to fix the position of the spectnM 
lines, as the images of the slit are usually called. The othfl 
mechanical details shown in the figure are required in ordM 
to adjust the various parts of the instrument, and especially 9 
order to bring the prisms to what is termed the angle fl 
minimum deviation. But an instrument of this magnitude aw 
power is not required for the ordinary applications of ifl 
spectroscope in chemistry. For this purpose a small instrfl 
mem consisting of a collimator, a single prism, and a telescopM 
all in a fixed position, are amply sufficient. In the field of buM 
a spectrosrape the whole spectrum may be seen at once ; an 
tie position of the speolrum lines is very easily determined M 
means of a photographic scale placed at one side, and seen iM 
light reflected into the telescope from the face of the priufl 

The various parts of the instrument, as arranged for <^ 
servation, are shown in Fig. 90. A is the coUimator, P tM 
prism, and B the tekscrtpe. The tube C carries the phot^ 
graphic scale, and has at the end nearest to the priflm ■ 
lens of such focal length that the imt^e both of the slit aM 
the scale may be seen Ihroiiffh the telescope at the same tin« 
the one appearing projected upon the other. The screw ■ 
eerves to adjust the width of the alit. Moreover, one half of dd 



BELATIONS OP THE ATOMS TO LIGHT. 




bgth of the slit h eorered by a small glftps prism bo arranged 

lat it refleuta into the collimator tube tlie rays from a lamp 

e aide. Thus the two halves of the slit may be 

Bominated independently by light from different sources, and 

e two spectra, whieli are thbn seen euperimpoeed upon each 

r (see Fig. 91), eiactly compared. The various acrews, 

[hich appear in Fig. 90, are used for adjusting the different 

8 of the instrument. 

. Spectrum Analysis. — The atoms of the different chem- 
1 elements, when rendered luminous under certain definite 
ditiona, always emit light whoae color is more or less 
raeteristic, and which, when analyzed with the spectroscope, 
t spectra similar to those which are represented in Fig. 
far as is possible without the aid of color. Somelimea 
! only ft single line in a definite position, as in the case 
I, Li, and Th, already referred to. At other times 
) are several sucii lines ; and, still more frequently, to 
; lines (or definite images of the slit) there are super- 
i more or lesa extended portions of a continuous specirum. 
[oreover, not only is the general aspect of each apeclrum 
ijngly characteristic, but also the i 

:s is, BO far as we know, an absolute p 



presence of a given clement, and these lines may be readil 
recogoized hj their poBition, even when the character of ll 
speclrum is otherwise obst-ure. It is evident ihen thai « 
have here a principle which admits of inoaL imporUuit i 
plications iu chemical analysis, and it on]y remaina to CC 
sider under what conditions the elementary atoms emit tlv 
characlerifiiic light. 

IXrst. All bodies when intensely heated are rendered Inn 
nous, and, other things being equal, the higher the l^nperatui 
the more intense is the light. The brilliancy of tie 11^ 
emitted at the same temperature by diflej'ent bodies i 
very greatly, the densest bodies being, as a general rulc^ ll 
most intensely lumiuoiis. 

Secondly. — Solid and liquid bodies, if opaque, emil 
ignited white light, or at lea^t light whieb fbows with the spet 
troscope n continuous spectrum more or less extended, 
red heat the light from such bodies conaials chiefly of red ray 
but as the temperature rises iirst to a white and then to & bit 
heat, the more refrangible raya become mora abuudoat u 
finally predominute. 

TkinUif. — The elementary substances give out their pea 
liar and oharaclerisiic light only in the state of ga£ or v 
Hence, when we examine with a spectroscope a source of figl 
we may infer that a coniinuaus spectrum indicelea the presosi 
of solid or liquid bodies, while a discontinuous spectrum, wil 
definite lines or images of the slit, indicates the preseoctt a 
gases aud vapors ; and in the last case we cwi, as has been r 
infer from the position of the lines the nature of the lumiooi 
atoms. It would seem, however, from recent inveetlgatioii 
timi under certain conditions even a gas may show a eODtini 
ous speclrum, and there are other seeming exceptions wtuQ 
admonish us that the general principles just slated should 1 
apphed with caution. 

Fourthly. — At the very high temperatures at which oloi 
gnses or vapors become luminous, compound bodies, as a I 
Hppear to be decomposed, and the elementary atoms diss 
cisled. Hence the observations with the speetroecope ho* 
been almost entirely confined to the spectra of the elemental 
Euhstancea, and our knowledge of the B])eclra of compound s 
stances is exceedingly limited. In some few cases where ll 



upeclrum of a compound has been obtained, it liiia been nolic«il 
that, aa the temperature rt.tee, tbis spectrum ia BudJenly re- 
lotred iiito the separate spectra of tbe elements of which tha 
compound consists. 

Fifildg. — At a high temperature the metallie atoms of a 
ompouud body are far more luminous than those of tlie otlier 
elementary atoms with which Ihey are astoeialad. Hence, 
frtten the vapor of a metallic compound is rendered lumiuoUB, 
the light emitted ia so exclusively that of the metallic atoms, 
disassociated by the heat, that wJien examined with the epec- 
troscope the spectrum of the metal is aluue seen ; and this la 
the probable explanation of the fad that the salts of the some 
metal, when treated as will be described in the next para- 
graph, all show, as a general rule, the same spectrum as the 
metal itself. 

iMstly. — The substance, on which we wish to experiment, 
may be rendered luminous ia ^verat ways. If the substance 
B a volatile metallic salt, the simplest method ia to expose a 
besd of tlie Buhstance (supported on a loop of platinum wire) 
to the flame of a Bunsen's burner (Fig. 90), which by iladf 
hums with a nearly non-luminous flame. The flame soon be* 
xmee filled with the disassociated atoms of the metal and 
Alines with iheir peculiar light. 

In order to study the spectra of the less volatile metals like 
daminum, iron, or nickel, we use two needles of the metal, and 

f between the poiuts, when about one fourth of an inch 

rt, the electric discharges of a powerful Ruhmkorif coil, 
CondeDsed by a large Leyden jar. The metal is volatilized 
liy the heat of the electric current, end the space between the 
points becomes filled with the inteniiely ignited vapor, which 
Aea Bhine»< with its characterisilr. lighL") 

milar way we can experiment on the permaneot gasM 
mad lighter vapors. eDclosiug them in a glairs tube with pUd- 

1 electrodes, and before sealing the lube reducing the ten- 
inon with an air pump, when llie discliarge will pass throngfa 
S length of wveral inched of the attenuated gas. The light 
flien emitted comes from the atoms or molecules of the gan, and ' 
Vbere the electric current is conden^d as in the capillary por- 

t jLh eleclric spiirk ir in tvery mx iDfirt:]j a liiw of mstehat particiw rtO' 
id huaitKnis by the curreiiE. 
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lion of the tubes coDstracted for this purpose, the light ta m 
ficienily intense to be analyzed with the fipectroscope. 

The three different modes of esperimenting just described do 
not by any means always gix-e the same spectrum wbeo ap- 
plied to the Eame chemical element. It constSDtly happens 
that as the temperalure rises new lines appear, wbicfa are usu- 
ally those corresponding to the more refrangible raja, and ai 
the very high temperatures generated by the electric dischargt^ 
many of the spectra change their whole aspect. The ill-defined 
broad bands or luminous spaces which are so conspicuous at a 
low temperature (see Fig. 89), disappear, and are replaced by 
a greater or less number of definite spectrum lines. Gen- 
eiBlly, however, the characteristic lines which mark the ele- 
ment at the lower temperalure are seen also at tbe higher; bat 
sometimes there is a sudden and complete change of the whule 
epectrum. The cause of these differences is not understood, 
but it has been thought by some investigators that the uarinal 
spectra of tbe elementary atoms consist of bright bands alone, 
and that the more or less continueiis spectra, which are also I 
seen at the lower temperatures, are to be referred to Ihe im-l 
perfect disasaociation of the aloms, whose mutual attractions 
or partial combinations produce a elate of aggregation ^mB 
proaching the condition which determines the contiououa spei^^ 
tra of liquid or solid bodie.';. fl 

96. Ddieaey of the Method. — Having now stated thfl 
general principles of spectrum analyi-ia, and the condllioi^| 
under which these principles may be applied, it need only i^| 
added that the method is one of extreme delicacy. It enabl^f 
us to delect wonderfully minule quantities of many of tl^| 
metallic elements, and has already led to the discovery of fotfl 
elements of this class which had eluded all methods of invefttS 
gation previously employed. The names of these elemennfl 
Eubidium, Caesium, Thallium and Indium, all refer to tltfl 
color of their most characteristic spectrum bands.' H 

97. Solar and Stellar Chemistry When a beam of eufl 

light is examined with a powerful spectroscope, the soUfl 
Bpectrum is seen to be crossed by an almost countless numtKJfl 
of dark lines distributed with no apparent regularity, and di^| 

' Tha (liflBrenl bnjida of the wuno elemont Rre nsnally distinguialiod t^^ 
Greek lettera, Mowing the ordsr of telatlva brilliancy. V 
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fering very greaily in relative strength or intensity. These 

Bre first accurately described by the German optician 

Fraunhofer, and have since been knon'n as the Fraunhofer 

A few of the moat promineut of these lines are shown 

a Fig. 89, with the letters of the alphabet by which they are 

bcsignated. These lines, like the bright lines of the elements, 

[porreapond in every case lo a definite degree of refrangibility, 

utd therefore have a Sxed position on the scale of the apectro- 

Moreover, what is very remarkable, the bright and 

dark lines have in several coses absolutely the eame 

Mition. 

a easy to construct the spectroscope bo that the two halves 

ptf the slit may be illuminated from different sources. If then 

ysQ admit a beam of sunlight through one half, and the light 

f a sodium flame through the other half, we shall have the 

wo spectra super-imposed in the same field, as in Fig. 91, 




Lund it will be seen that the two parts of the sodium band, 
Lwhicb appears aa a double line under a high power, coincide 
ftpbsolutely in position with the double dark line D in the 
nlar spectrum. But a Btiil more striking coincidence has 
n observed in the case of iron, for the eighty well-marked 
Hbright lines in the spectrum of this metal correspond absolutely 
■ Iwtb in position and in strength with eighty of the dark lines - 
■of the solar spectrum. Now, the chances that such coinci- 
jdencea are the result of accident, are not one in one billion 
(hillion ; and we are therefore compelled to believe that the 
ihenomena must be connected. A. simple experiment 
||Bfaows what the relation probably is. 

If we place before the spectroscope a sodium flame, we see, 
{ course, the familiar double line. If now we place behind 
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the sodium flame a cnndle flame, eo that the candle also shion 
inlo the nlit, but tm)y through the sodium flame, we fhall sra 
the Bame bright lines projected upon the cootinuous sped 
of the candle. If, however, we put in place of the candle m 
electric light, we shall fiad that while the continuous; speclnin 
u now far more brilliant than before, the sodium lines appear 
black. Tbe expl&naUon of this singular pheDomenon ig I 
found in a principle, now well eetablished both theorelJcallj 
and experimentallj, that a. mesa of luminous vapor, while other- 
wise tranEparenl, powerfully absorbs rays of the same Tt^nnm- 
bility which it emits itself. Hence, in our experiment, the 
very email portion of the spectrum covered by the sodium line 
is illuminated by the Rodium flame alone, while ell the rest of 
the spectrum is illuminated from the source behind, and tlie 
effect is merely one of contrast, the sodium lines appearing 
light or dark according as they are brighter or darker dian the' 
contiguous portions of the spectrum. 

In a similar way the bright lines of a few other eletnents 
have been inverted, and these eKperimcnte wouhl lead ■ 
infer that the Fraunhofer lines themsehei are formed by a 
brilliant plioiosphere sfainlng ibi'ougfa a mast of leas lombioaa ' 
gas. In other words, it would appear that the sun's lunrfnoiia 
orb is surrounded by an immense atmosphere which iniercepU 
a portion of his rays, ami that we see as dark lines what would 
probably appear as bright .bands, oouU. we «Ka»ine tfw light 
from the atmosphere alnne. 

If then our generalization is safe, the dark and the bright 
lines are the same phenomena seen under a different aspect, 
and the one as well as the other may be used to identify the 
different chemical elements. Hence, then, there must be both 
iron and sodium in the sun's atmosphere, and for the same 
reason we conclude that our luminary must contain CalciuiD,. 
Magnesium, Nickel, Chromium, Barium, Copper, and Zinc, while 
there is equally good evidence that Gold, Silver, Mercury, Alumi- 
nnm. Cadmium, Tin, Lead, Antimony, Arsenic, Strontium, antf^ 
Lithium are not present, at least in large quantities. It is true, 
however, that the elements thus recognized in the snn oaij 
account for a very insignificant portion of the dark lines, and 
it is difficult to recondle this fact with our actual knowledge 
and present theories. Since the meteoriieu have brought to 
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.0 new element'^, iheir uvidence, as far aa it goee, woulij 
lead ue to expect u> find in Uie sun'e atmosphere such » 
Dumber of unknown eletoents as the dark lines would ia- 
Kcaie ; and this obvious explanaiioa of their countless nunir 
ter canuol therefore be regarded as pi-obiible. It has been 
ibaerred, however, in the few caaes which have l>een investi- 
|8,ted, that the fpecirum of a uompound body is far more 
omples than the differeot spectra of its elements combined i 
nd it is possible that the complexity we see in ihe koIop 
ipectruia may arise from the partial combination or mutual 
iwterfereBce of elements now known, in (he ouler and colder 
fiorrions of tliat immense atmosphere which is supposed to 
«itend many thousand miles beyond the luminous surface <rf 
' B sun. 

If next we turn the spectroscope on some of the brighter 
fixed stars, we shall see continuous spectra like the solar 
of greater or less extent, and cohered by dark lines, 
^ careful comparison of these liues would seem to indicate 
ftat the stars ditfer very greatly from each other, although in 
general they are bodies similar to our sun ; and if om* theory 
b correct, we have been able to detect the presence of sD<!ium, 
lesium, hydrogen, calcium, iron, bismuth, tellurium, 
Hilimony, and mercury in Aldebaran, and other elements is 
iQier stars. 

The most remai'kable result of stellar chemistry remains fet 
Q be noticed. On examining the nebulcc with the spectrgi- 
eope, it has been found that while some of them show a con- 
InuouB spectrum, there are a number of these remarkable 
iea which exhibit the phenomena of bright lines. This 
'ould lead us to the conclusion that t)ie last are ri-ally, as the 
ebular theory assumes, masses of incandescent gas, while the 
rst are not true nehulis, but simply clusters of very distant 
tars. An examination of ilie comets has confirmed the pre- 
conclusion that they also are mere masses of gas, but, 
ngularly enough, the light from the coma of one of those 
>dtes gave a continuous spectrum, due probably to reflected 
nlight. 

fl8. Absorption Spectra. — When a luminous flame is viewed 
'ith a spectroscope through a solution of any salt of the 
" Erbivm, the otherwise continuous spectrum of the flame 
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■nil ii1»o t)iat opaque solids wh«D heated would emit wbi 
Kglii. We liHTu sf^en that the general order of the pbenomei 
ia that which ihe taw of exchanges would predict, and here, fii 
the present, our kuowledge slops. We have afi yet been i 
to form DO satisfactory theory in regard to the relatioDs of 
molecular structure of bodies to the medium through which 
waves of light or heat are trarusmitled. It is, howcri 
Worthy of notice that Enler, one of the earliest and al ' 
inTesU'gatora of undulatory motion, predicted the discovery 
Ihe law of exchanges, in assuming as a fundamental principle 
(he undulatory theory that a body can only absorb osciUaiM 
isochronous with these of which it ia itself eosc^ptible. 

lOO. General OondutioTU. — The facts that have be 
stated in this chapter are sufficient lo show, that, although ] 
in its infancy, spectrum analysis promises to be one of t 
most powerful instruments of investigation ever applied 
physical science. It seems to be the key which will in ts 
open to our view the molecular structure of matter j and evi 
now the results actually obtuned suggest speculaiioiu 
regard to the ultimate constitution of matter, of the m 
Interesting character. The several monochromatic rays «h 
the atoms of the elements emit, must receive theii 
character from some motion in the atoms themselves which 
isochronous with the motion they impart. Is it not then 
this motion that the inditidualUy of Ihe element resides, t 
may not all matter be alike in Its ultimate essence? St 
Bpecnlations, however wild, are not wholly unprofitable, if on 
they stimulate investigation and thus lead to further 
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, General Principles. — The glimpaea ihatwo have been 
able to gain of the order in the constitution of matter ^ve 
l^unds for believing that there ia a unitj' of plan pervading 
the whole Bcheme, and encourage a confident espectation thai 
"liereaner, when our knowledge becomes more complete, chem- 
ista may attain to at lea^t such a partial conci^ption of this 
plan as will enable them lo classify their compounds under 
Some natural system ; and in imagination we may even look 
fiirwaivl to the time when science will be able to express all 
lie possibilities of this stheme with a few general Ibrmuhe, 
f'hich will enable the chemist to predict with atuolute cer- 
aioty tie qualities and relationa of any given combination of 
nnateriaU or condition.-i. But although to a very slight extent 
the idea has been realized for a small class of the compounds 
Df carbon, yet aa a whole this grand conception is as yet but a 
"^lie more advanced student will find that in limited 
portions of some few Heida of investigation a fragmentary olas- 
ification is possible, as in mineralogy ; but, when he attempts 
J comprehend the whole domain, he becomes painfully aware 
f- the immense deficiencies of his knowledge j he ia confused 
jr the numerous chains of relationship, which he follows, with 
result, to sudden breaks, and soon becomes convinced that 
til Buoh efforts must be fruitless until more of the missing links 
are supplied. 

The best that can now be done in an elementary treatise o 
iemistry is to group together the elements, or, rather, the 
Slementary atoms, in such families as will beat show their 
latural affinities; and then to study, under the head of each 
lement, the more important and characleriBlic of its cc 
wnnds. However little value such a classification may have 
nits scientific aspect, it will bring together, to a greater or less 
bxtent. the allied facts of the science, and thus will help the 
bind to retain them in the memory. 



In classifying tbe elementary atoms, the three moat imjMir- 
tant characters Io*be observed arc tlie Prevaitiag QuaiUii 
llie MSectrical A^ntliei, and the Crystalline Relatiom. ' 
first of these characters serves more particularly to classify 
elementa in groups, ihe second to determine their position 
the groups, and the last to control the indicatioDs of the 



The crystalline relations of the atoms can only be i 
mined by comparing tbe crystalline forms of allied compounde 
and involve the principles of isomorphism already diecussec 
Moreover, in order to reach the moat satisfactory scheme c 
dassificaUoQ, we must take into consideration other propertia 
of these compounds besides the crystalline form ; which, ttl. 
though they may not be so precisely formulated, are fiequeatli 
important aids in forming correct opinions as to the relations a 
the atoms. It will also be evident, from what has previously 
been staled, that more truaiworthy inferences as to these rela- 
tions may frequently be drawn from the crystalline form and' 
properliea of allied compounds than from those of the element- 
ary Bubstauces themselves ; for, in addition to the fact that sof 
many of these Bubstances crystallize in the isometric Bysteio;-' 
whose dimensions admit of no variation, it is also true thai, in' 
our ignorance of the molecular constitution of most of them, we 
often have more certainly, in the case of compounds, that OUT 
comparisona are made under identical molecular conditions. 

102. Metallic and Ifon-Metallic MemenU. — In all works o 
chemistry since the time of Lavoisier, the elementary Bub> 
stances have been divided into two great classes, — the melalr 
and the non-metals ; and the distinction is undoubtedly funda- 
mental, althotigh too much importance has been frequently 
attached to the accident of a brilliant lustre. Tlie charactep- 
istic qaalities of a metal, with which every one is more or lesi 
familiar, are the so-called metaUie lustre, that peculiar adapt- 
ability of molecular structure known as malleabilili/ or duciility, 
and the power of condtieting electricity or heat. These qualities: 
are found united and in their perfection only in tlie true metals^ 
although one or even two of them are well developed in several 
elementary substitnces which, oo account of their chemicaL 
qualities, are now almost invariably classed with tiie non- 
metals, — as, for example, in selenium, tellurium, arsenic, 
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antimony, boron, and silicon. Bm^idee the properties above 
named, mauy persous also associaie with the idea of a melal a 
lugli specific gruvitj ; but this propeVy, though common to must 
lof the useful metaU, U by no means universal ; and, among the 
tii6ta)s wiih wliich the chemist is familiar, we find Ilie ligliteat, 
a well as the hearieet, of solids. The non-metallic elemeatd, 
as the name denoles, are distinguished by the absence of metal- 
lic quaJii.ies ; but the one class merges mto the other. 

The preaence or absence of metallic qualities in the ele- 
mentary Bnbslances is for some unknown reason intimately 
dialed with the electrical relations of their aloms, — those of 
the metals being electro-positive, while those of the non- 
melals are electro-negative, with reference, in each case, to Ihe 
atoms of the opposite class. In the classification given in 
Table II. we have associated together in the same family both 
Ihe metflls and the non-metals having the same qnanti valence, 
believing that such an arrangement not only best exhibits the 
r^liiiiis of the atoms, but also that in a foui'se of elementary 
inBtroution it presents the tacts of ciiemistry in the most logical 
wder, 

103. Scheme of Classification. — The classification of the 
«]enienlary aloms which has been adopted in this book is shown 
fa Table II. 

In tiie first place the atoms are divided into two large 
families, the Perissads and the Arliad^ (27). 

Secondly, these families are subdivided into groups (separated 
■ I^ bars in the table) of closely al lied elements. The atoms of any 

B of these groups are isomorphous ; and they are arranged 
In the order of their weights, which is found to correspond also, 
in almost every case, to their electrical relations. Each group 
Ibrois a very limited chemical series ; and not only the weiglit* 

i the electrical relations of Ihe atoms, but also many of the 
ytlTBioal qualities of the elementary substances, vary regularly 
■ -we pass from one end of the series to the other. Tiie order 
if the variation, however, is not always the same ; for while in 
•Oroe cases the lightest aloms of a series are the most electro- 
tegalJve. in other cases they are the mo^t electro-positive. 

Thirdly, in arranging the groups of allied atoms we have 
filHowed the prevailing quantivalence of the group, and those 
ponpH whose elementary atoms exhibit in general the lowest 
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quaniivalence are, aa a rule, placed first in order ; but wiili 
our present limited knowledge there must be some uncertt 
ID regard to the details of luch an arrangement, and tbe f 
ciple has sometimes been violated so as to bring together d 
groups of aloma which are most allied in their chemical r 

The remarks already made in regard to the general scbems 
of chemical elasaification apply witli almoBt equal force to ilu- 
partial system here attempted. The very attempt makee evi- 
dent the fragmentary character o\' our knowledge, even in re- 
gard to the exceedingly limited purLion of the subject wiih 
which we are dealing. Tbe idea of classification by series wa; 
first developed in the study of organic chemistry, where the 
principle is much more conspicuous than among inorganic com- 
pounds. Thus, as has been shown (40), we are acquainM 
wilh twenly acdds resembling acetic acid, which form s 
beginning wilh formic acid and ending with mellssic acid. 
member of this series differs in composition from the p 
member by Ci^„ or by some multiple of this symbol j itnd ll 
properties of the compounds vary regularly between the e 
limits, according to well-established laws. Moreover, mac 
other similar, although more limited, series of compounds u 
known, and the principle realized in these organic series seen 
to be (lie true idea of ail clieraicul classilication. But, in attemf 
ing to apply it In tbe chemical elements, we find only two or lin( 
groups of atoms where rlie series is of sufficient extent to n ' 
the relations of the members evident. In most cases it w 
seem as if we only knew one or two members of a series, M 
this apparent ignorance not only throws doubt on the gener 
applicalionof our principle, but also renders uncertain lliedetai 
of our scheme, even assuming that the principle of the clasi 
fication ia correcl. Hence, also, great differences of opiirit 
may be reasonably entertiiined in regard to the position wtik 
ibe different atoms ought to occupy in such a scheme. 

Another very important cause of uncertainly in any act 
of cla-isilying (he elements arises from the double rela^onriuj 
which many of them manifest. Thus iron, which we Iw 
associated wilh manganese and aluminum, is in some of i 
relations closely allied lo magnesium and einc. Many othi 
elements resemble iron in liaving a similar two-fold c~ 
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nd different authors may reasonably aasign to such elements 
ifTereat places in their systems of elassificution, according as 
ley chiefly view them from one or the other aspect. Hence 
rises a degree of uncertainty which afiects our whole aystem, 
nd eannot be avoided in the present slate of the science. 
Indeed, no classification in independent groups can satisfy 
le complex relations of the elements. These relations cannot 
e repre^^enied hy a simple system of parallel series, but only 
y a web of crossing lines, in which the same element may 
e represented as a inember of two or more series at onoe, 
nd as affiliating in different directions with very different 
l&sses of elements. In the present fragmentary state of our 
nowledge, mich a classification as we hare just indicated is 
Wt attainable. The scheme adopted in this book only indi- 
in each case a single Hue of relationship { but we have 
Iways endeavored to place each element in that relation 
hich is the most characteristic ; and, however imperfect such 
BCheme may be, it will nevertheless assist study by bringing 
efbre the student's mind the facts of the science in a syste- 
latic and natural order. 
104, Relations of the Atomic Weights. — If the principle of 
iBsiGcation which we have adopted is correct, and the elc- 
mts actually belong to series like those of the compounds of 
janic chemistry, we should naturally expect that the atomic 
eights would conform to the same serial law; and it is a re- 
irkable fact that the differences between the atomic weights 
' the elements of the same group are in most cases very nearly 
uliiples of 16. The value of this common difference varies 
ttween 13 and 17, and we must admit in some cases the 
mplest fractional multiples ; but the mean value is very 
tavly 16, aud the frequent occurrence of this diff^rciice ia 
fry striking. This numerical relation is not absolutely exact, 
ft here, as in the periods of the planets, in the distribution of 
RTeS on the stem of a plant, and in other camilar natural 
leuomena, there ia a marked tendency towards a certain no- 
erical result, which is fully realized, however, only in com- 
ostively few esses. 

Other numerical relations which have been noticed between 
B atomic weights are probably only phases of the same law 
4iMribucion in series. Thus the atomic weight of sodJuin ii 



196 CHEMICAL CLASSIFICATION. 

very nearly the mean between that of lithium and potassium ; 
and the atomic weights of chlorine, bromine, and iodine, of gk- 
cinum, yttrium and erbium, of calcium, strontium, and barium, 
of oxygen, sulphur, and selenium, are similarly related. Again, 
theie are several pairs of allied elements, between whoste 
atomic weights there is very nearly the same diflTerence. Thus 
the difference between tlie atomic weights of indium and cad- 
mium is very nearly the same as that between the atomic 
weights of magnesium and zinc, and the difference between the 
atomic weights of niobium and tantalum the same as that be- 
tween the atomic weights of molybdenum and tungsten. A 
careful study of the atomic weights will also reveal many other 
approximate relations of the same sort; but although the 
study of these relations is highly interesting, and may lead here- 
after to valuable results, yet no great importance can be at- 
tached to them in the present state of the science. 



TABLE I. 



1 Kilometre 

I Hectometre 

1 Decametre 

1 Metre 



FRENCH MEASURES. 
Measures of Length, 



1000 Metres. 
100 
10 
1 



ti 



tt 



€€ 



1 Metre 
1 Decimetre 
1 Centimetre 
1 Millimetre 



1.000 Metre. 
0.100 " 
0.0^ 
0.001 



it 



It 



1 Kilometre = 
1 Metre = 

1 Centimetre = 



0.6214 MUe. 
3.2809 Feet. 
0.3937 Inch. 



Logarithms. 
9.7933 712 

0.5159 930 

9.5951 742 



Ax. Co. Log. 
0.2066 188 
9.4840 070 
0.4048 258 



The metre is one ten-millionth of a quadrant of the globe. 



' Measures of Volume. 
1 Cubic Metre m:* = 1000.000 Litres. 



1 Cubic Decimetre d. m. — 


1.000 " 




1 Cubic Centimetre c. m." — 


O.OOl " 




1 Cubic Metre =35.31660 Cubic Feet. 


Logarithms. 
1..5479 790 


Ar. Go. Log. 
8.4520 210 


1 Cubic Decimetre — 61.02709 Cubic Inches. 


1.7855 226 


8.2144 774 


1 Cubic Centimetre — 0.06103 " " 


8.7855 226 


1.2144 774 


1 Litre = 0.22017 Gallon. 


9.3427 581 


0.6572 419 


1 Litre = 0.88066 Quart. 


9.9448 083 


0.0.551 917 


1 Litre — 1.76133 Pints. 


0.2458 407 


9.7541 593 



FRENCH WEIGHTS. 



1 Kilogramme 
1 Hectogramme 
1 Decagramme 
1 Gramme 



1000 Grammes. 
100 " 
10 " 
1 



u 



1 Gramme 
1 Decigramme 
1 Centigramme 
1 Milligramme 



1.000 Gramme. 
0.100 " 
0.010 
0.001 



tt 



tt 



1 Kilogramme 

1 

1 Gramme 



Logarithms. Ar. Co. Log. 

2.20462 Pounds Avoirdupois. 0.3433 337 9.6566 663 

2.67922 " Troy. 0.4280 083 9.5719 917 

15.43235 Grains. 1.1884 321 8.8115 679 



1 Crith 



= 0.089578 Grammes. 



8.9522 014 1.0477 986 



1 



TABLE III. 



Specific Gravity of Gases and Vapors. 



Name. 


By^^>.. »P 


jffic. 


£p.<air. 


—iHTi — 

UolHLlljU 


flg«- 




All 


^1. 


14.43 


Weight. _ 












mT 


njdrog™ 


ff-H ( 


OSBB 




1.00 ( 


0000 


Acetjlk- Hyd rtae ( Aldohjde) 


C,H,0-H 1 


532 








AculylLc CtiLariOo 


c,ii,o-a 1 




4r42 




W38 


AcDtLc AnhjOriie 


fC,H^0),'^O 3 












H-0-C,H,0 2 




8o!07 


30,00 1 


4771 


Alumlnlc Chlorliie 


uyi<T« 9 


34 


134.B0 


133.B0 2 


1208 




[^'JIB'. 18 








4272 


Alomliilc lodiao 


uyii, a7 






408.40 2 


6111 




sb^a, 7 










TriethylsBhiiB 


(CiH,)^S6 J 


23 


104,40 


104^60 2 


0191 




^O^, 11 




153.00 




ITM 












,6»11 


Triethvliimno 


fC,H^]^A, 6 


29 


TR.36 


81,00 1 


9086 


KKkcljl 


(CJ/,),Ar(CJ/,},Aj 7 




102.60 








JjeCT, 6 




»n.oo 


90,76 : 


9678 




^.;/ B 


1 






3579 




Bi^a, 11 


35 


163.00 


16S.25 2 


1994 


Boric yU-thUa 


( CH,)s^B 1 




27.90 


28,00 ! 


4472 


Boric lltlit^ 


((^/fi),^ B 








8902 


Boric FLiioriilfl 


B=F, 2 


37 


34'20 


34^00 1 


5316 


Boric ChJoriitfl 










7090 




B-=^, S 


7S 


126.90 




0989 


Mclhjlic Eonil, 


iCH,),^0,=B B 










Btl.ylic Boata 


(C,«i),^0,i!B 6 


U 


74,ii0 


73,00 1 


8683 


BTomlne 






70,60 


80.00 'l 


9031 


Ilrdrohromlc Acid 


fl-EF 2 


n 


39,10 


40.51) :i 


0076 


Curbonir TctrachLoriOe 


cm, 6 


116 


78.14 


77.00 'l 


B866 


Carbonic OiylfchloridB 












(l-bo-Ko™ G!..) 


dO, C^ 8 


309 




40.60 |l 




Dkwbouic H.^uehlorlde 


[c-Cjia, a 




117,70 




0737 




[C-q^a. 5 




84.00 


83.00 ■' 




Dicirhnnlc Dkblorlds 


[c:n=ci. 






47i» 1 


0Ti,-7 


Uariwiiic Om.lc 




967 


13.96 


14.00 1 




CarbmilF Anbydrida 


CIO, 1 








3!24 


Cnrboiili- SulpbidB 


CS^ 2 


646 


3817 


38.00 1 


,6793 








35.23 


35,60 1 


6502 




ff-a 1 










Ohroniic Oiyf hloriOa 


|0-,l|o„ a, 6 


l> 


79.40 


7825 1 


893J 


OolODihic Chlocblo 




a 


18R,«0 


135.70 2 


1326 




"!«. CI, 7 




114,00 




0312 










ai.00 1 




IIylll*;)j.iiic Acid 


H-(W ( 


H7 


Lik 




1303 


Ethyl 


C,H:rC^H, 2 




ISM 




4824 


Ethjllc ChlorWo 


|f,H;,)'« 2 


as 


32,02 


32!:^ 1 


6CS5 


lilbjttcOxIdolKthEr) 


{C,H,)rO a 








608S 


EthTtk- I[j<l*(c (Alcohol) 


CH,-0-H 1 


™_ 


2S.ffl 


mon 1 


3 a' 



TABLE III. (Continued,) 






Names. 


Sjrmbols. 


Air=l. 




Half 

Molecular 

Weight. 


Loga- 
rithms. 


Bthylene (Oleflant Gas) 

" Chloride (Dutch Liq.) 
Ethylene Oxide 
Ethylene Hydrate (Qlycol) 


{C^H,)-0 


0.978 
8.443 
1.422 


14.11 
49.69 
20.52 


14.00 
49.60 
22.00 
31.00 


1.1461 
1.6946 
1.3424 
1.4914 


Ferric Chloride 


[Fe^iCl^ 


11.39 


164.40 


162.50 


2.2108 


Iodine 
Hydriodic Acid 


I-I 
H-I 


8.716 
4.443 


125.90 
64.12 


127.00 
64.00 


2.1038 
1.8062 


Mercury 
Mercuric Ethide 
Mercuric Methide 
Mercuric Chloride 
Mercuric Bromide 
Mercuric Iodide 
MercurouB Chloride 


Hg 
Hg=h 


6.976 
9.97 
8.29 
9.8 

12.16 

15.9 
8.21 


100.70 
143.90 
119.60 
141.50 
175.60 
229.60 
118.50 


100.00 
129.00 
115.00 
135.50 
180.00 
227.00 
235.50 


2.0000 
2.1106 
2.0607 
2.1319 
2.2553 
2.3560 
2.3720 


Nitrogen 
Ammonia 
Methylamine 
Aniline 
Nitrous Oxide 
Nitric Oxide 
Nitric Peroxide 


NO 


0.971 

0.591 

1.08 

8.21 

1.527 

1.038 

1.72 


14.00 
8.535 
15.59 
46.33 
22.04 
14.97 
24.82 


14.00 
8.51 
15.50 
46.50 
22.00 
1500 
23.00 


1.1461 
0.9294 
1.1903 
1.6675 
1.3424 
1.1761 
1.9617 


Osmic Tetroxide 


OsO^ 


8.89 


128.30 


131.60 


2.1193 


Oxygen 
Aqueous Vapor 


0=0 
Hi=0 


1.1056 
0.6235 


15.95 
8.998 


16.00 
9.00 


1.2041 
0.9542 


Phosphorus 

Phosphuretted Hydrogen 
Phosphorous Chloride 
Phosphoric Oxychloride 
Oxide of Triethylphosphine 


P=C^ 

p=o, a, 

{(C^H,},=P}=0 


4.42 

1.184 

4.742 

5.3 

4.6 


63.78 
17.09 
68.44 
76.49 
66.39 


62.00 
17.00 
68.75 
76.75 
67.00 


1.7924 
1.2304 
1.8373 

1.8g51 
1.82«3i 


Selenium, at 771° 
Seleniuretted Hydrogen 


Se=Se 


5.68 
2.795 


81.96 
40.33 


79.40 
40.70 


1.8998 
1.6096 


Silicic Methide 
Silicic Ethide 
Silicic Fluoride 
Silicic Chloride 
EthyUc Silicate 


{CH;,),=Si 
{C^H,)^^0^=Si 


3.083 

5.13 

3.600 

5.939 

7.32 


44.49 
74.03 
51.95 
85.72 
105.60 


44.00 
72.00 
52 00 
85.00 
104.00 


1.6435 
1.8673 
1.7160 
1.9294 
1.0170 


Stannic Ethide 
Stannic Dimethylo-diethide 
Stannic Chloro-triethide 
Stannic Dichloro-diethide 
Stannic Chloride 


{CHs)„{CoH,)^Sn 


8.021 
6.838 
8.430 
8.710 
9.199 


115.80 
98.68 
121.70 
125.70 
132.70 


117.00 
103.00 
120.20 
123.50 
130.00 


2.0682 
2.012s 
2.0799 
2.0917 
2.1139 


Sulphur above 860^ 
Sulphur at 450O 
Sulphuretted Hydrogen 
Sulphurous Anhydride 
Sulphuric Anhydride 


5=5 

1/2=5 

SEO^ 
5|03 


2.23 

6.617 

1.191 

2.234 

2.763 


82.18 
95.50 
17.19 
32.24 
39.87 


32.00 
96.00 
17.00 
82.00 
40.00 


16061 
1.9823 
1.2304 
1.5061 
1.6021 


Tantalic Chloride 


raC/g 


12.8 


184.70 


179.70 


2.2546 


Titanic Chloride 


Tia^ 


6.836 


98.65 


96.00 


1.9828 


Zinc Ethide 


{CtH,)^=Zn 


4.259 


61.46 


61.60 


1.7896 


Zirrnvi" <'iiloride 


Zria^ 


8.15 


117.60 


11.5.80 


2.0637 



LOGARITHMS MD MTILOGABITfflS. 



1 LOGARITHSIS OF NUMBERS. 1 
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CONSTANT LOGARITHMS. 
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Circumf. of circle when -K =1, (- = 1.5708) 
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« D = 1, (tt = 3.1416) 
Area of circle when i?= 1, (n = 3.1416) 
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i>"=l, (^ = 0.7854) 
C»=l, (^= 0.0796) 
Surface of sphere when i2* = 1, (47r = 12.5664) 
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(7=1, (- = 0.3183) 
Solidity of sphere when i2«=l, (^^^ 4.1888) 
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" ^=1» (fi^= <>-<>169) 
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Weight of one litre of Hydrogen (0.0896 grammes) 

44 44 44 44 (i ^ (1.293 " ) 

" " ** " " « (14.43 criths ) 

Per cent of Oxygen in air by weight (0.2318) 
" " " Nitrogen " " " " (0.7682) 
Monn height of Barometer (76 c. m.) 

CoolHciont of expansion of Air (0.00366) 

hiUeut lloat of Water (79) 

»' " " Free Steam (537) 

To roilucc 0p.®t. to Sp. Gr., or reverse, add to log. 
" " 8p. Gr. to Sp. Gr.y " " " " " 

'* ** 0p.(!$r. to % G'r., " " " " " 
»♦ grammes to criths, ** " ** ** ** 
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